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45 cubic metre Pressure Vessel 


made for I.C.I. Billingham 
Division. Length 30 feet. 
Diameter\10 feet. Fabricated 
from Kynal M.35 1. Alu- 
minium Alloy {” thick. One 
end dished and a rolled body 
cone and skirt. Argon Arc 
welded throughout. 


MARSTON EXCELSIOR in the Service of Industry 


Marston’s have unrivalled experience in the fabrication of light alloys—of all shapes and sizes. 









Their products have earned a reputation for efficiency and reliability that is world-wide. 


* Light Alloy Fabrication 

* Specialised Engineering Assemblies 
* Laminated Plastic Components 

* Flexible Tanks 

* Radiators and Heat Exchangers 





Tubular Heat Exchangers Oil Tank 









5 pass cross contra type made for 
I.C.I1. Billingham Division. Length 
184 feet. Diam. 234” inside. Header 


of 2500 gallon capacity, made 
for I.C.1. Paints Division. 
Length 14 feet. Diameter 7 feet. 


tanks are Aluminium Castings Fabricated from Kynal P3. 
of BS.1490 LM.20 alloy §” thick. Aluminium alloy }” thick with 
Body rolled and welded from dished ends and a rolled plate 
PA.19 Aluminium Alloy Plate } body. Argon Arc welded 


thick. throughout. Tested to withstand 
Tested to 75 p.s.i. an 18 foot head of water. 


MARSTON EXCELSIOR LIMITED 


(A subsidiary company of Imperial Chemical Industries Ltd.) 
FORDHOUSES, WOLVERHAMPTON. Tel: Fordhouses 3361 


MAR232 
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pm Underneath it all 


the Civil Engineer, in designing foundations may have to use the 
Terzaghi equation. 


On the Surface 


welding fabrication is the only practical method of construction 
for the vast nuclear projects in hand 

Rockweld Limited have contributed to the solution of some of the 
associated metallurgical problems, and are supplying arc welding 
electrodes of the high quality demanded by this class of work. 
Electrodes for steels of the Chrome-nickel Austenitic corrosion 
and heat resistant types, for high creep strength types and for 
steels having high notch ductility. 


ROCKWELD LTD - COMMERCE WAY - CROYDON - SURREY 

















for Consistent 
Outlet 
pressure 













MULTI-STAGE HEAVY DUTY 
REGULATOR m 





B.I.G. Regulators are precision built instrgi 


which can be used with confidence where atii 
and reliable pressure control is essential. “These 
hand-built Regulators will ensure constant flow of 
required volume through the full range of outlet 
pressures, irrespective of pressure drop in cylinder 
or pipeline and are available for use with most com- 
pressed gases. 

... maintaining B.I.G. excellence 


British Industrial Gases Limited 


700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone: ENField 4022, Telex: 24128 





ESZ) moquidy 


Sales and Technical Assistance available in most areas 
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* 
deposits a 
greater volume 
of weld metal 












* particularly suitable for 
very close arc or 





touch welding techniques 


>. 


- 
i * can be used on A.C. or D.C. 
- 


Z power sources—A.C. 


af recommended 
af for larger sizes 
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*% can be used in any position 


; 








* almost twice as fast as 
conventional electrodes 


3 cuts gross costs up to 
60% (send for leaflet 
explaining how) 


FERROMAX a fast new iron powder 


electrode for mild steel welding 


Ferromax has a rutile type coating yet deposits a 
weld metal which is extremely low in hydrogen. This 
enables higher currents to be used, giving much 
higher welding speeds. The use of higher currents 
does not affect either the performance of the elec- 
trode or the mechanical properties of the weld 
metal in any way. 


For better welding 


and friendly service 


MAY, 1958 





Ferromax has the full approval of both Lloyds 
Register of Shipping and the Ministry of Trans- 
port and Civil Aviation. B.S. 1719:19§1 classifi- 
cation E.917 (nearest AWS/ASTM equivalent 
E.6024). 

Write today for a leaflet giving full details of this 
newest addition to the Quasi-Arc range. 


QUASI-ARC 


QUASI-ARC LIMITED . BILSTON - STAFFORDSHIRE 
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versatile FUSION 


WELDING 


The 75 ft.-long by 10 ft.-diameter pressure vessel shown above during instal- 
lation at the Patchway Works of Bristol Aero-Engines Limited, is part of a 
special test cell nearly 90 ft. long fabricated by Babcock & Wilcox Ltd. in 
molybdenum steel, by the BABCOCK fusion-welding process. 

Designed for the testing of ramjet and turbojet engines, this impressive test 
plant will reproduce simultaneously the conditions of high air speed and low 
atmospheric pressures associated with high-altitude and supersonic flight. 

So, BABCOCK fusion-welding, with its fine reputation in the construc- 
tion of many hundreds of pressure vessels for oil refineries, chemical plants 
and nuclear power stations, has entered the aircraft industry. 

What better example of its versati/ity—in providing for any 
industry, pressure vessels up to the largest sizes and highest 
specifications, backed by unrivalled design, research and manu- 
facturing facilities, and 25 years of fusion-welding experience. 


BABCOCK & WILCOX LTD. 


BABCOCK HOUSE, 209 EUSTON ROAD, LONDON, N.W.I. 


3 hm, 
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it must be tough 


and flexible for this kind of work! 


BICC Welding Cables have the toughness 
and flexibility essential for welding work. 
The tinned copper conductor is rope- 
stranded, vulcanised rubber insulated and 
tough rubber sheathed, giving a _ hard- 
wearing, easily handled cable which resists 
splattering metal and can be twisted with- 
out kinking. 

BICC make cables for every kind of 
welding appliance and stocks are held at all 
Branch Offices. 


Other Welding Cables include a special 
heavy duty type with extra thicknesses of 
insulation and sheathing, as well as types 
with vulcanised rubber insulation and poly- 
chloroprene (P.C.P.) sheath P.V.C. insul- 
ation and sheath. 

The sizes available range from 100 to 600 
amperes capacity. 


Further information is contained in Publication 
No. 389 - available on request. 


BICC WELDING CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIMITED +» 21 BLOOMSBURY STREET + LONDON W.C.1 


MAY, 1958 
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FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 








NOW 
YOU CAN CUT 
ALUMINIUM 


a minute! 


Vl 












The new Tungsten Arc Process, 
shielded by an inert gas mixed with hydrogen, 
makes possible cutting speeds of up to 

200 inches a minute! It deals speedily 

and accurately with aluminium 

and aluminium alloys to 1” thickness; 

gives cuts which are clean and need very little, 
if any, finishing. Use it for hand cutting 

in all positions: machine profiling; 

bevelling; stack cutting; and plate edge 
preparation. You'll find ita real investment 

in production efficiency. 


Write for fully illustrated literature 





Spencer House, 27 St. James's Piace, London, S.W.1. 


BRITisEz oxyvYGo=zEN | British Oxygen Gases Ltd., industrial Division, 
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No oxygen or air supply required 







FIVE 9 x Can be used with A.C. or D.C. plant without additional 
attachments 


%* Suitable for mild steel, cast iron, stainless steels and 
SPECIAL 


non-ferrous metals 


%* Leaves a clean scale-free surface which requires no further 


fa E A T U R £ S preparation 


%* Free from carbon pick-up 


Send for publication WA/140 and literature covering 
the range of “ENGLISH ELEctrRIC’ welding electrodes 


ENGLISH ELECTRIC 


welding electrodes and equipment 





THe ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2. 
Welding Electrode Division, Clayton-le-Moors, Accrington, Lancs. Tel. Accrington 3241 


WORKS: STAFFORD * PRESTON * RUGBY " BRADFORD * LIVERPOOL + ACCRINGTON 
WAE.i8cs 
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Metrovick Welding Equipment 


for Modern Engineering 


Borg-Warner automatic transmission used on 
British and Continental cars is now produced en- 
tirely in this country. The fabrication of the 
hydraulic torque converter is an achievement 
which depended largely on solving a number of 
welding problems. Distortion had to be avoided 
because of the close dimensional tolerances re- 
quired in many components and only a small 
departure from true balance is permissible with 











the high rotary speeds employed in the converters. 
In addition, the economics of present-day produc- 
tion necessitated fast, automatic welding techni- 
ques. All of these exacting and important welding 
requirements have been met by the use of several 
different types of Metrovick automatic submerged 
arc and resistance welding equipments, including 
a number of machines specially designed for 
the job. 


METROPOLITAN -VICKERS 





An A.E.I. Company 


LEADING WELDING PROGRESS 
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1. After the hub of the impeller has been 2. For welding the hub to the impeller shell 


pressed into its shell, the hub plate is welded a Metrovick submerged arc unit is used. An 
inside the shell using a Metrovick 600 kVA essential feature of this machine is the electronic 
projection welder. control of the arc. 





Fabricating the 
BORG-WARNER 
HYDRAULIC TORQUE 
CONVERTER 

















6 The completed clutch and flywheel as- 6. After testing the assembly for leaks a Metrovick 
‘sembly and the converter assembly are fitted Archway Type multi-spot unit is used to attach 
together and then welded with a Metrovick the blower. Sixteen spot welds are made with four 
submerged arc machine. This was specially airt-operated heads. Control is by thyratron timer 
designed for circumferential welds on Borg- and ignitron contactor. 

Warner converter casings. 


MAY, 1958 











3. After vanes have been inserted, a filler 
adapter drain plug is welded into the impeller 
shell. A counterbalance weight is welded on 
the diametrically opposite side. This is carried 
out on a Metrovick 150 kVA air-operated 
projection welder, automatically setting the 
weld time for each operation. 





4. The turbine assembly must be balanced to 
within 0.1 oz.-in. Balance is corrected by spot 
welding strip metal on to the vanes using a 
Metrovick 50 kVA portable machine. 


7. In the final balancing of the complete 
assembly this Metrovick 75 kVA portable 
spot welder is used for welding weights to 
the outer casing. The air-operated welding 
gun is mounted on a pivoting arm, balanced 
for ease of manipulation. 


L/W 803 
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| 
Is it a PERFECT weld 7? 


Call in MAPEL for 
Welding Supervision 
Leak Detection 

Cathodic Protection 


METAL & PIPELINE ENDURANCE LTD. 
Artillery Mansions, Victoria Street, London, S.W.1. 


Tel: ABBey 6056 ‘Grams: Metaldure, Sowest, London. 


You'll know immediately and with certainty if you 
use the MAPEL Ultrasonic weld test in conjunction with 
gamma-rays—the latest advance in MAPEL’s Welding 
Supervision Service to save you time, labour and cost. 
Training of welders to high standards, speedy 
inspection of welds by visual, radiographic and ultrasonic 
means, skilled advice on the best techniques, procedure 
and practice—all yours when you call in MAPEL. 














Divisional offices at Woolmer Green, Herts; also at Newcastle-on-Tyne. AGENTS THROUGHOUT THE WORLD 
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Marconi Industrial X-Ray Equipment... 





The Self-Propelled Mobile Mounting for the MARCONI 250kV 
constant potential set can be manoeuvred about the shop floor. An 
armoured flexible cable connects it to the static control unit. 


Photo by courtesy of W. J. Fraser & Co. Lid. (Chemical Engineers 


Bh 


= = . 
... for Assurance in Non-Destructive Testing 
: The 250kV tubehead 7 
oe mounted on an overhead eS ee 


suspension. 


we 
The control unit of the — 
“ MARCONI 250KV_ con- 
stant potential set installed ' 
in a protected room to give : : 
the operator full control 4 Fe | 
over radiographic exposures ae “ae | 
with complete safety from : . 
radiation. 


The Control Unit and 
Transformer | Tubehead of 
the MARCONI 80/90k Vp, 
l0mA portable apparatus. 





May we send you a descriptive leaflet (AQ 15) and sample radiographs ? 


MARCONI /c- X-Ray 


MARCONI INSTRUMENTS LTD. London and the South : Marconi House, Strand, Lendon, W.C.2. | North : 30 Albion Street, Kingston-upon-Hull. Tel : Hull Cencral 16347 
Tel : COVent Garden 1234. Midlands : Marconi House, 24 The Parade, Leamington Spa. Tel: 1408. | Head Office and Works : St. Albans, Hertfordshire. Tel : Sc. Albans 5616! 
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Dragged and scuffed through half the world’s shipyards, construction sites and engineering 
works, Mersey Welding Cables show remarkable indifference to their hard life 
being just as likely to go on serving you long after others have outlived their usefulness. 
In part, this extraordinary toughness and flexibility is due to the care and skill of 
the men who make them, partly to the fine quality materials used and lastly to the 
advanced manufacturing techniques evolved by the Mersey Cables research and 
development teams (they were the first to give you irradiated cables!) All of which adds up 
to this: if you're looking for a really tough, flexible, long-life welding cable—look 
to Mersey. Write, on official letterhead please, for our new, free leaflet on Welding Cables. 


The toughest most flexible 
welding cables come from 


M 


| 


MERSEY CABLE WORKS LIMITED - LIVERPOOL 20 
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THE SIGN OF 
GOOD wELOUNS 


Welded bh Vv Expansion of production potential 
co-ordinated with the introduction of 
' advanced welding techniques enables us to 
produce large and small vessels of 
intricate design in all weldable metals. 
Welded fabrications to the requirements of 
Lloyd’s Class | (fusion-welded pressure 
vessels), A.P.I., A.S.M.E. and A.O.T.C. 


O F R O ty H E R H A M codes and similar specifications. 


ROBERT JENKINS & CO. LTD. HEMICALE s 
ROLEUM ~ 


ROTHERHAM NEERING 


isiTien 








Telephone: 4201-6 (6 lines) oLvmPiA 
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The wisest choice 
...in the long run 


For large work or small, seam welding or spot welding, 
there is no better electrode than a MALLORY—and no 
better electrode material than MALLORY 3. 
Production engineers know that when they buy 
MALLORY they buy not only metal but efficient welds 
and long, trouble-free service—and this is true economy. 


Booklet 1200, “Mallory Resistance Welding”, is free on request. 


Johnson “i 
DIALLS LY] Matth ey 


JOHNSON, MATTHEY & CO., LIMITED 
controlling 
MALLORY METALLURGICAL PRODUCTS LTD 
73-83 HATTON GARDEN, LONDON, E.C.1 
Telephone: Holborn 6989 
Vittoria Street, Birminghem, 1. Telephone: Central 8004 


75-79 Eyre Street, Shetfield, 1. Telephone: 29212 
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Civil Engineers: L. G. Mouchel & Partners Ltd. 


For strength and durability and economy in cost, steel is unequalled as a structural material. The 
knowledge of its properties enables bridges and framed structures of all types to be designed 


within the most exacting limits. Illustrated is part of the structural steelwork for a Power Station. 


BRAITHWAITE & CO. 


ENGINEERS LIMITED 


Bridge and Constructional Engineers 


LONDON OFFICE: DORLAND HOUSE - REGENTSTREET +» LONDON - SWi - TELEPHONE: WHITEHALL 3993 
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MODEL ASS/54 a | 
Designed for use with source 


strengths up to 20 Curies Cobalt © 
Electrically operated with safety 
controls throughout and suitable 

for examinations of thickest 









sections of metal with 


RADIOGRAPHIC INSPECTION 


minimum exposure 
trmes 


Pioneers in the design and construction of 
Gamma Radiographic equipment, Gamma-Rays Ltd. 


Rose Tinted glasses are not required for viewing the quality 
of Gamma-Rays products. 


have always had safety as their predominant 
motive. This is now further emphasized by the 
fact that the operation of all standard models is 
controlled by Yale locks, thus preventing 
unauthorized use. With Gamma-Rays equipment 
you have the necessary facilities for making 
non-destructive examinations of all metals, 








whether it be in the form of Welding, Castings 
or other fabrications. The correct technique is 


essential and we give full instruction to your FOUNDRY LANE pai gpagoat 
Staff SMETHWICK 40 M. FALK & CO. LTD. 
taf in its applications. STAFFORDSHIRE Emefco House, Bell Street, 
Telephone Smethwick 0846/7 mutguan, Carrey, Sagtans 


Please ask for a demonstration. Grams: Gamma-Rays. 


Cables: Emefco, Reigate, Surrey 












pANKs 


OF NETHERTON 
LIMITED : 


ESTABLISHED 
40 4 






APPROVED BY THE COMMITTEE OF 
LLOYD'S REGISTER OF SHIPPING 
FOR THE MANUFACTURE OF CLASS 1 
FUSION WELDED PRESSURE VESSELS 





We fabricate TANKS, CHIMNEYS, 


CHEMICAL & DISTILLATION PLANT 
in MILD, STAINLESS & CLAD STEELS 


Our large Fabrication Department is fully equipped with the necessary 
Radiographic and Physical Inspection and Testing facilities for the 
manufacture of all types of Pressure Vessels required to meet the needs 
of the OIL & CHEMICAL ENGINEERING INDUSTRY 


DANKS OF NETHERTON LTD. Boilermakers & Engineers since 1840 


NETHERTON, DUDLEY, WORCS. Telephone: CRADLEY HEATH 66417 (3 /ines). London: BANK CHAMBERS, 329 HIGH HOLBORN, W.C.1 M-W.82 
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A REVOLUTION IN GAS PRESSURE 
REGULATOR DESIGN 


the MILNE‘SENSITIVE’ 









TWO-STAGE REGULATOR 


with Se 


exclusiwe 





features 


NEW VALVE DESIGN 


The important new feature incorporated in the 
Milne ‘Sensitive’ two-stage regulator is a piston- 
operated first stage valve. This piston gives a double 
advantage. Firstly, it stops ‘chatter’ when a cylinder 
valve is opened — one of the most frequent causes of 
valve damage. Secondly, it allows greater valve move- 
ment than the usual small diameter diaphragm of 
metal or plastic. Thus, delivery pressure is fully main- 
tained even when cylinder pressure drops low. 


e 
SOUNDLY PROTECTED GAUGES 


Not only are the gauges protected by a strong “wrap- 
round’ steel guard, but no part of the regulator pro- 
jects beyond the cylinder diameter. If the cylinder 
accidentally falls over or rolis, the regulator is saved 
from direct impact. 


* 
STRONG — LIGHT - COMPACT 


This regulator is designed for strength and con 
pactness, yet due to its simple construction, it is 
relatively light. Assembled throughout by screw 
threads — no soldered joints — it can be dismantled 
and overhauled quite easily and any part quickly re- 
placed. The exceptionally strong Milne oval arm 
wing nut, which never breaks off, is the standard 
fitting. If preferred, a hexagon bottle nut can be 
substituted 


3 
IMPROVED GAUGE FIXING 


A common defect with regulators is the tendency of 


Milne ‘Sensitive’ two-stage regulators are made for 


use with all commercial gases. Each type is made in a 


number of patterns giving a wide range of delivery gauges to work loose and so face in any but the right 
~ - 6 . = » — 3 q mg - > . > > _ > »’ 
pressures and volumes to suit different classes of work. Girection. This can Sever Happen WHS the Hanae 
regulator, for the gauges are permanently anchored 
All regulators can be fitted with hexagon or wing type by a transverse bolt. 
bottle nuts as preferred. e 


ionvcmninor © S MILNE & CO. LTD 
tion is contained in our e e e e 
catalogue — available on 


Aino HARLEY WORKS, OCTAVIUS STREET, DEPTFORD, S.E.8 
Telephone: TiIDeway 3852/3 


Scottish Address: 172/4 West Regent Street, Glasgow, C.2 Telephone: Central 1246 
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WITH 
COURTBURN 


WELDING 
PLATENS 





Courtburn Welding Platens provide a flat 
surface on which fabrications can be set up 
accurately. 

Three sizes are robustly made from finest 
quality close-grained grey iron, 5° x 2’ 6’, 
6 x 3’, and 8 x 4’. “T”™ slots for | in. dia 
holding down bolts are provided to the 
pattern illustrated, and four socket head 
cap screws for levelling purposes can be 
supplied if required 

A number of platens may be placed side by 
side to form any desired area of bed plate. 


Write for a complete catalogue to C ; TIOMERS LIMITED x 


COURTBURN POSITIONERS LIMITED, KEMPSTON HARDWICK, BEDFORD. Phone: Kempston 2341-2 








To Photographic and Radiological Departments: 


A new PURHYPO 


Silver Recovery Unit 





PURHYPO — for many years recognised as the simplest 
method of regeneration of the photographic fixer and 
recovery of silver - now comprises a new and simpler 
equipment. 






* recovers the silver 
Just fix the rectifier unit on a wall conveniently near the fixing tank, IN 


and suspend the electrode assembly in your tank. If fixing space is too 
small, the electrodes can be fitted after working hours, or in a separate 1] ¥ improves fixing time 


reserve tank to which exhausted hypo is transferred for regeneration. 


* saves fixer 


The deposit on the stainless steel strips of the cathode can be easily 
removed in the form of flakes of pure metallic silver. 


Sole Agents for British Commonwealth: 


D. PENNELLIER & COMPANY 
LIMITED 


28 HATTON GARDEN, LONDON, E.C.1 
Telephone: HOLborn 4064 CHAncery 4681/2 
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Light Alloy “Grundycan” 
welded with Saturn-Hivolt 


Surge Injector Welding Units 


One of the finest light alloy churns available, the ‘‘Grundycan’’,is welded throughout 
by the Argon Arc process using Saturn-Hivolt Surge Injector equipment. Saturn 
cutting and welding equipment has, for many years, played a big part in industry. 
The new Saturn-Hivolt Argon Arc Welding Machines and Saturn High Purity Argon 
offer the finest welding of aluminium and its alloys and-stainless steel. Let us show 
you the complete range supplied and maintained from our many branches through- 
out the country. 


SATURN INDUSTRIAL GASES LTD 


Saturn Works, Gordon Road, Southall, Middlesex Phone: Southall 5611 


BRANCHES: 
GLASGOW - BIRMINGHAM + MANCHESTER + SHEFFIELD 
LYMINGTON + SUNDERLAND + THORNABY-ON-TEES 
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This new Booklet... 


. gives full information on 
methods of joining Wiggin high- 
nickel alloys. It includes detailed 
recommendations for Monel, 
nickel, Inconel, Corronel B, 
the Nimonic series of high- 
temperature alloys and the 
Brightray series of electrical 


resistance materials 















ih 
a Copies will 
gladly be sent 
on request . 
: me 
\ HENey w. Ma 
To: Henry Wiggin & Company Limited, Publications INy : Hi 
Department, Wiggin Street, Birmingham 16 ' Lim ITE D 
‘mg | 
me a cop) “ t g and Soldering of W N ‘ f  N 4 j 








aS HENRY WIGGIN & COMPANY LIMITED wicei srecer- sieminenam 1s 
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THE INSTITUTE OF WELDING BRITISH WELDING RESEARCH 


ASSOCIATION 


54 Princes Gate, London, $.W.7 29 Park Crescent, London, W.1 


¢ ¢ 


COUNCIL and OFFICERS COUNCIL and RESEARCH BOARD 


PRESIDENT 
Sir CHARLES S. LILLICRAP, K.C.B., M.B.E. 


PRESIDENT 
Sin CHARLES S, LILLICRAP, K.C.B., M.B.E. 


VICE-PRESIDENT 
J. STRONG, M.A. 


PAST PRESIDENTS 


R. E. G. WEDDELL 


PAST-PRESIDENT 
R. G. BRAITHWAITE, M.LC.E. 


Sir WILLIAM J. LARKE, K.B.E. 


HONORARY TREASURER 
W. E. Harriss 


CHAIRMAN OF COUNCIL 
Representatives of Industrial Corporate Members A. RoBERT JENKINS, J.P. 
E. V. BEATSON Dr. L. REEVE 
E. F. BurForRD E. S. WADDINGTON 
J. A. MCWILLIAM 

HONORARY TREASURER 


Representatives of Fellows, Members, and Associate Members W. E. Harriss 





G. M. Boyp E. P. S. GARDNER 
F. CLARK, M.B.E. Dr. N. Gross 
J. A. DorRaAT F. A. PARTRIDGE 
A. J. ELuiotr L. C. PERcIvVAL 


Members of Council 
Pror. G. WESLEY AUSTIN, 0.8.2. SiR ANDREW MCCANCE, F.R.S. 
Pror. J. F. BAKER, O.B.E., F.R.S. RICHARD MILES 
D. J. W. BoaG J. MITCHELL, C.B.E. 
J. BROWN Pror. SIR ALFRED PUGSLEY 
Dr. T. W. F. BROWN O.B.E., D.SC., F.R.S. 
VISCOUNT CALDECOTE, D.S.C. R. B. SHEPHEARD, C.B.E. 
H. G. Conway C. M. SPIELMAN, 0O.B.E., M.C. 


E. FLINTHAM 
E. Fucus 


Pror. E. C. ROLLASON 
E. SEYMOUR-SEMPER 


Chairman of Council, B.W.R.A. 
A. ROBERT JENKINS, J.P. 





Chairmen of Standing Committees 


General Purposes Committee 
Education Committee 
Membership Committee 


N. L. G. LiIncwoop 
Dr. E. F. Gress 
W. H. CarRsLaw 


Programme and Publication Committee J. F. LANCASTER 


Technical Committee 


J. A. DoRRAT 


Representatives of Branches 


Birmingham 

East Midlands 

East of Scotland 

Eastern Counties 

Leeds 

Liverpool 

Manchester 

North Eastern (Tees-side) 
North Eastern (Tyneside) 
North London 


W. R. HARPER 

A. H. SCOTHERN 
H. R. McKINsTRY 
J. EDWARDS 

E. E. BERNHARD 
G. A. O. PRIDGEON 
H. CARTER 

J. W. JACKSON 

W. R. MELLANBY 
D. F. T. ROBERTS 
J. V. THOMAS 


Portsmouth F. A. Betts 
Preston W. Hart 
Sheffield W. A. JENKINS, J.P. 
Southampton J. H. GULLespie 
South London M. C. NICKSON 
South Wales I. B. Forp 
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Always 
in the picture 


Wherever in the world a really important 
construction project is in progress, a project that 
demands the very best material and plant, 

the Lincoln SAE 300 Diesel-driven 


Welding Unit is always in the picture. 


The two pictures here show (above right) 


the unit in action on the Shell Haven to Romford 





24” welded pipeline. The unit on 

this project, in addition to supplying 

the welding current, powered the 

cleaning and buffing machines. 

The picture below shows 

the unit in use on the Sandy 

Potton to Bedford 8” pipeline. 

CHEMICAL & PETROLEUM ENGINEERING EXHIBITION 
18th 28th JUNE, 1958 

See the full range of Lincoin Electric Welding Equipment at 

Stand No. 2A (Ground Floor) Grand Hall, Olympia. The Lincoln SAE 300 Diesel-driven Welder (NEMA 

rating 300 amp at 40 volts) is powered by the Perkins 

> L4 Diesel Engine. 

ai, fo It is a versatile and compact unit, with a welding duty 

en ee current range of 60-400 amp with a maximum output 

P of 16 kw. (at 400 amp). No external reactance or 

Stabilizer is required. 

The dual continuous control supplies uniform cur- 
rent for metallic arc welding, using bare or heavily 
coated electrodes—it can also be used for carbon-arc 
welding. 

Combination of the independently adjustable current 
and open circuit voltage controls permits the operator 
to select any type of arc and arc intensity. 

The control panel and all working parts are contained 
in a pressed steel weatherproof cabinet which affords 
easy access. 

A further feature of the Lincoln SAE 300 Diesel- 
driven Welder is the sturdy chassis and running gear, 
which are unsurpassed for heavy duty field work. 


a” 


LINCOLN Electric Co Ltd 
Largest manufacturers 
of D.C. Welders in the United Kingdom 


~ > 
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Resin Bonded Belts 
will save you money 


BEHR-MANNING Coated Abrasives 


Made by Behr-Manning Ltd. Belfast and marketed in the U.K. by their associated company 


NORTON GRINDING WHEEL CO. LTD. 


GOATED ABRASIVE DIVISION, WELWYN GARDEN CITY, HERTS. Telephone: WELWYN GARDEN 4501 (10 ‘ines) 


NORTON and BEHR-MANNING /aciories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A 
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JOINING OF METALS CONFERENCE 


The Soundness of High-temperature 


Brazed Joints in Heat-resisting Alloys 


THE INFLUENCE OF COMPOSITION AND BRAZING 


CONDITIONS ON THE SPREAD OF 


MOLTEN BRAZING 


ALLOYS 


By A. Cibula, M.A., A.L.M. 


SYNOPSIS 


SPREADING temperatures and erosion properties have been determined for nickel, silver, palladium, 


copper, cobalt, and manganese brazing alloys on resistance-heated strips of an austenitic stainless 


steel and Nimonic alloys. The presence of a major constituent soluble in the parent metal promoted 


wetting at low temperatures provided interalloying was not excessive, the effect of interalloying 


being reduced by the presence of a flux as spreading was initially more rapid. 


Conditions for obtaining high-soundness in plane lap joints having clearances between zero and 


o-o1 in, were then found for each filler. Severe unsoundness in joints of large clearance was attri- 


buted to irregular filling due to temperature gradients during heating, while too rapid interalloying 


prevented complete filling of narrow capillaries. 


Numerous high-temperature fluxes were tested; borax though less effective than boric oxide in 


removing refractory oxides caused less erosion of Nimonic 9° during 


Introduction 


assembly which can readily be adapted to con- 

tinuous production.' Several joints can be made 
simultaneously by the use of preplaced brazing alloy, 
often in positions which would be inaccessible to other 
methods of assembly such as welding. The brazed 
joints also require little or no subsequent machining. 
The strengths of the joints at room temperature may 
approach those of the base metal or those attainable by 
welding, and brazing may also be used to reinforce and 
reduce fatigue in spot-welded structures. 

Although these advantages have led to the wide- 
spread use of the process, few systematic investigations 
have been made of the conditions needed to obtain 
consistently sound joints, previously published work 


Bi is a rapid and convenient method of 


having been largely confined to the development of 


brazing techniques, and of alloys and fluxes for par- 
ticular applications.' Partly for this reason brazing 
conditions are frequently chosen by trial and error, 
and as well as the considerable work involved a mod- 
erate degree of unsoundness must often be tolerated 


Manuscript received 25th March, 1958. 

The work described in this communication from the British 
Non-Ferrous Metals Research Association was made avail- 
able to members of the B.N.F.M.R.A. in three confidential 
reports issued in 1955 and 1956. 

The author is head of the Melting and Casting Section, The 
British Non-Ferrous Metals Research Association, London. 
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-razing. 


in practice. The uneven stress distribution due to the 
presence of unbrazed areas is one important cause of 
inconsistency in the strength of brazed joints. 

An attempt has been made in the present work to 
identify the factors which determine the optimum 
brazing conditions for various types of joint. Although 
some of the conclusions may be more generally applic- 
able, the primary object has been to investigate the 
conditions needed to obtain sound joints in austenitic 
stainless steel and nickel-chromium alloys. Brazing 
alloys based on nickel, copper, manganese, silver, or 
palladium have been used, a number of which were 
developed commercially, whilst others were selected to 
obtain further information about the influence of 
composition on joint-filling properties. The results in 
this paper refer only to brazing in a hydrogen atmos- 
phere or in air, with or without a flux. 

Unlike welded joints, those made by brazing are 
filled largely by capillary action. Soft-soldered joints 
are filled by a similar mechanism, and these have been 
studied extensively by the Association in previous 
work.” * In the making of such joints, the ability of 
the molten solder to flow over the base metal is im- 
portant, particularly when the filler melts in contact 
with only one of the surfaces constituting the capillary 
passage, and must spread until it touches the other 
surface before rapid capillary flow can begin.? The 
liquid metal is able to spread because the angle of 
contact between the surface of the liquid and that of 
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the base metal at the perimeter of the drop tends to fall 
to the equilibrium value at the temperature; this value 
depends on the surface finish, and may itself be con- 
stantly reduced by interdiffusion, roughening of the 
surface by the liquid, and deposition of metallic films 
from the flux.* In view of the similar role of surface- 
tension forces in brazing, spreading tests have been 
made on resistance-heated strips of stainless steel and 
Nimonic alloys, and the temperatures at which the 
various brazing alloys spread at as high a rate as is 
likely to be required in brazing have been determined. 
The strips were generally heated in hydrogen alone, but 
the effect of a flux on spreading was observed in certain 
experiments. The influence of surface finish was tested 
with a few brazing alloys only. 

Other factors are important in brazing, particularly 
when the alloys to be joined are required for high- 
temperature service. In the latter case, the filler must 
have mechanical properties and corrosion resistance 
comparable with those of the base metal at tempera- 
tures up to 1000°C, and the brazing temperatures are 
necessarily even higher. At such temperatures con- 
siderable interdiffusion and solution may occur; the 
degree of erosion of the base metal in spreading tests, 
and the effect of this on the melting point and fluidity 
of the brazing alloy, have therefore been observed. 
Furthermore, heat-resisting alloys form refractory, 
normally protective oxides at elevated temperatures, 
which are dissolved or reduced only with difficulty; 
accordingly the influence of the brazing atmosphere 
and of liquid fluxes on the removal of the oxide scale 
has been investigated. A few tests have also been 
made on brazing alloys which are to some extent self- 
fluxing 

Finally, the relationship between the spreading 
properties of the brazing alloy and the soundness of 
the joint was studied. For this purpose a plane $-in. 

juare lap joint between 0-048-in. thick strips was 
used which, though simple in design, is prone to un- 

ndness and forms a severe test of the joint-filling 
»roperties of the brazing alloy. Joints were made with 
ach filler in a hydrogen atmosphere, generally at 
ral temperatures and heating rates, and with a 
range of clearances from zero to 0-010 in. Some of the 
ynditions in which sound joints may be obtained 
were thus determined for each brazing alloy. 


EXPERIMENTAL METHODS 

Materials 

Brazing Alloys—The compositions and melting 
points of the principal brazing alloys used are listed in 
Table I. The alloys consisted of (i) a number of com- 
mercial high-temperature brazing materials (most of 
the information on the compositions and melting 
points of these was obtained from the manufacturers), 
and (ii) several pure metals and copper-base alloys. 


Base Metals—The base metals used were: 


(i) Austenitic stainless steel (18°, Cr, 10°, Ni: stabilized 
with 1-2°, Nb) 


(ii) Nimonic 75 (18-20°, chromium, up to 5°, Fe, 0-2-0-6°, 
Ti) 


(iii) Nimonic 90 (15-21°, Co, 18-21°, Cr, up to 5% Fe, 
1-8-3°, Ti, 0-8-2°%% Al). 
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These were supplied as 0-048-in. thick sheets which 
had been cold-rolled, annealed, and de-scaled. The 
sheets were cut into strips 10 in. long and 0-5 in. wide, 
parallel to the major rolling direction. 

To obtain a consistent and, as far as possible, non- 
directional surface finish for spreading tests, the strips 
were generally ‘vapour-blasted’ with an aqueous sus- 
pension of 180- or 280-grit alumina powder (the grit 
depending upon equipment available). Other strips 
were used in spreading tests with the following surface 
finishes: 

a 


As-received, i.e. pickled after cold reduction and anneal- 

ing 

(ii) Fine-machined, the machining grooves running trans- 
versely 

(iii) Buffed 

(iv) Emeried with 320-grit paper either transversely or 

longitudinally. 


In making lap joints, a fine-machined surface finish 
was used. 

Hydrogen Atmosphere—The hydrogen used for 
most of the spreading and brazing tests was purified 
by passage through soda-lime, magnesium perchlorate, 
a Deoxo catalyst unit, phosphorus pentoxide, and a 
liquid-air-cooled trap. The oxygen content of hydro- 
gen after passage through the catalyst is stated by the 
manufacturers to be less than | in 10* (approximately 
10-* mm Hg), whilst the pressure of water vapour in 
gases dried over phosphorus pentoxide is of the order 
of 10-° mm Hg. The water-vapour content of the 
hydrogen brazing atmosphere, therefore, was probably 
less than 10-*%, by volume; this is equivalent to a 
dewpoint of about —70°C. 

Fluxes—A total of 25 fluxes were tested. Some were 
low-temperature brazing fluxes, included for compari- 
son, while others were commercially available for 
welding or brazing alloys forming refractory oxides. 
Apart from a number of trial fluxes submitted by 
members of the Association, the remainder consisted 
of calcined borax or boric oxide, or mixtures contain- 
ing large proportions of these compounds. 

Nickel oxide or copper oxide was added to some 
mixtures, with the object of depositing a film of nickel 
or copper by reaction with base metal during brazing 
to assist the spread of the brazing alloy. Silica was 
added to others in an attempt to reduce the reactivity 
of the flux. 


Spreading Tests 

The apparatus in which spreading tests were made is 
described in the Appendix. Strips of each base metal 
were generally heated in purified hydrogen, with or 
without a flux, but certain tests on fluxes were repeated 
in air or impure hydrogen, as described later. 


Beads of the brazing alloy having a volume of 


0-004 cm* were placed on the heated strip for the re- 
quired times. When they were cold, the area of spread 
of each drop was measured With a planimeter after 
suitable enlargement. Attempts to measure the contact 
angles at the peripheries of the drops proved difficult, 
owig to irregularities caused by liquation, extensive 
alloying and erosion; an ‘equivalent contact angle’ 
was therefore calculated from the area of each drop on 
the assumption that its shape closely resembled a 
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spherical cap. Both the areas and the equivalent 
contact angles are plotted in the figures, but each 
quantity is dependent on the arbitrarily chosen volume 


of the drops and is of value only for purposes of 


comparison. 

Sections through the beads of brazing alloy after the 
test had been completed enabled measurements to be 
made of the penetration or erosion of the base metal, 
and the thickness or alloy layers. 


Plane Lap Joints 

Design of Joint—The joint, illustrated in Fig. 1, 
consisted of a single lap joint formed between two 
}-in. wide flat strips of the base metal, which were 
lightly riveted together. An area about 4 in. square 
was machined from the inner surface of one strip to a 
depth equal to the desired clearance of the capillary 
joint. An internal pocket was machined in the over- 
lapping end of the second strip, which contained the 
preplaced brazing alloy and allowed it to flow into the 


capillary space when heated. The joint clearances of 


between zero and 0-010 in. were maintained during 
assembly by means of light punch marks or temporary 
shims. 

The volume of brazing alloy placed in the pocket 
before brazing was generally equal to the volume of the 
capillary space plus a constant excess, adequate to form 
large fillets, which was equivalent to the volume of a 
joint of 0-005 in. clearance. A volume of calcined 
borax equal to that of the brazing alloy was used as 
a flux when required. 

The joints were brazed vertically, pocket uppermost, 
generally while held by the end of each strip in slots in 
the outer surface of a Nimonic 80 tube. The central 
portion of the latter was reduced in diameter to allow 
the joints to be freely exposed to the furnace atmos- 
phere. The heating rate was varied, and the joints were 
held at the brazing temperature for 10 min unless 
otherwise stated. 

Brazing Apparatus—The 2?-kW furnace and cham- 
ber in which the joints were heated are shown in Fig. 2. 
The lower part of the heavy-walled Inconel tube was 
heated to temperatures up to 1280°C, the power input 
and temperature being controlled by an _ energy 
regulator. The temperature variation along the 
Inconel tube was less than 10°C over the central 7 in. 

The joints, suspended in the jig, were first pre- 
heated at 850°C for 15 min in the upper part of the 


iw eed 
Yep ee 
i 
a Ee 
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¥ 


~ rivet 


Fig. 1—Section and plan of plane lap joint assembled for brazing 
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Fig. 2—High-temperature brazing furnace 


Gas entry 


Inconel tube while the atmosphere was purged with 
hydrogen at 120 litres per hour, and were then lowered 
into the centre of the furnace for brazing. The high 
heat-capacity of the apparatus facilitated temperature 
control and enabled the joints and jig to be heated to 
the selected brazing temperature with only a small 
drop in furnace temperature. Three rates of heating 
were employed; with only a light supporting frame of 
wire, the joints were heated from 850°C to within 10 
of their maximum brazing temperature in | min after 
being lowered into the preheated furnace; the same 
temperature was attained in about 4 min with a heavier 


jig (shown in Fig. 2) and in approximately 40 min when 


the joints were heated with the furnace (at full power 
input) from 1000°C to the brazing temperature. After 
the joints were brazed, they were rapidly withdrawn 
into the water-cooled top of the Inconel tube. 
txamination of Joints—All joints were radio- 
graphed, and a few were also broken open if the radio- 
graphs were not clear. The radiographic contrast of 
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(a) 0-0005 in 


(6) 0-002 in 


Fig. 3 
to 1130 C in approx. 4 min) 


course varied with the composition of the filler, but 
the strips forming the joint were thin enough to allow 
incomplete filling to be detected even in joints of small 
clearance. The silver-containing alloys were sufficiently 
dense radiographically for unsoundness to be shown 
distinctly even in joints having a clearance of nomin- 
ally zero. 

Prints of typical radiographs are shown in Figs. 3-—S. 
The various features in these are explained on page 
193. 


FLUXES AND OXIDE REMOVAL 

Hydrogen and other Gaseous Fluxes 

The oxide on Nimonic 90 could not be reduced in 
purified hydrogen at temperatures up to 1300°C. The 
oxides on stainless steel and Nimonic 75, on the other 
hand, were readily reduced at temperatures above 
1000° and 1100°C, respectively, and brazing without a 
flux was therefore possible at these temperatures. 

Reduction of surface oxide on stainless steel and 
Nimonic 75 at lower temperatures was not appreciable 
n the time used for brazing lap joints. This tempera- 
ture effect was probably caused by too slow a rate of 
reduction rather than an unfavourable equilibrium at 
the lower temperatures, for strips which had been 
brightened at high temperatures remained unoxidized 





(a) 0-0005 in 


(6) 0-002 in. 


to 1200°C in approx. 4 min) 
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(c) 0-005 in. (d) 0-010 in. 


Effect of joint clearance on unsoundness in Nimonic 75 lap joints brazed with S.P.M.1 alloy at 1130 C. (Heated from 850 C 
i 


when cooled to less than 1000°C. In practice, there- 
fore, silver-soldering (at 620-700°C) could not be 
performed without a liquid flux, whereas all the high- 
temperature brazing alloys could be used in a pure- 
hydrogen atmosphere alone on stainless steel and 
Nimonic 75. Purified mixtures of nitrogen and hydro- 
gen were as effective as hydrogen in reducing oxide 
films. 

The most readily oxidized constituents are alumin- 
ium (1-8—2°,) in Nimonic 90, and chromium, titanium, 
and niobium in Nimonic 75 and stainless steel. The 
moisture contents of hydrogen in equilibrium with the 
oxides of these metals (except niobium) are: 


Oxide Equilibrium Moisture Contents, vol.- °, 
1100°C 1200°C 
Cr,O, | ig 
TiO, 19-*-* 10-38 
Al,O, 10-7"? 10-*-4 


Of these equilibrium moisture contents, only that in 
equilibrium with alumina is well below the moisture 
content attainable in the brazing atmosphere (10~*°,). 
This is in accordance with the observations on oxide 
reduction described in the first paragraph. 

Gaseous fluxes more reactive than hydrogen have 


\ 








— 
(c) 0-005 in. 


(d) 0-010 in. 


Fig. 4— Effect of joint clearance on unsoundness in stainless steel lap joints brazed with S.P.M.1 alloy at 1200°C. (Heated from 850°C 


2) 
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been proposed! for a number of heat-resisting alloys; 
the volatile halides of vanadium, boron, tungsten, and 
ammonia have been suggested for iron-base alloys, 
halides of boron and molybednum for Monel, and 
zirconium chloride for nickel-chromium alloys. The 
use of such materials involves considerable difficulties 
in a commercial process, and it is believed that little 
interest has been shown in them except for special 
applications. 

The inability to braze Nimonic 90 in purified 
hydrogen, even at high temperatures, could be over- 
come by first plating the surfaces to be brazed with a 
metal forming a more readily reducible oxide, in 
accordance with a commonly used method.' * © An 
adherent coating of 0-0002 in. of chromium or nickel 
allowed the brazing alloy to spread and then to alloy 
with the underlying base-metal. Using this procedure, 
a number of plane lap joints in Nimonic 90 plated with 
0-0002 in. chromium were brazed with manganese- 
nickel-chromium and Nicrobraz in a hydrogen atmos- 
phere, without a liquid flux. The strengths of some of 
these joints were similar to those in unplated Nim- 
onic 75 brazed in a hydrogen atmosphere, but other 
joints were much weaker owing to lack of adhesion of 
the plating 


Liquid Fluxes 
The fluxes were tested at 1120 
three conditions: 
(i) On strips of Nimonic 90 or stainless steel heavily 
oxidized by heating in air before application of the flux 


(ii) On strips moderately oxidized by heating in air after 
application of the flux 

(iii) On strips lightly oxidized by heating in impure hydrogen 
Removal of oxide was detected by measuring the spread 
of beads of brazing alloy. 


and 1200°C under 


Most of the fluxes were able to remove the thin 
oxide scales on strips heated in impure hydrogen, 
though several were largely volatilized in a few min- 
utes, or left insoluble residues. 

Under severely oxidizing conditions, only boric 
oxide was consistently effective. It possessed the added 
advantage of leaving residues which were almost 





(a) Heated from 850° to 1120°C in 4 min 
(6) Heated from 850° to 1120°C in | min 


Fig. 5—Effect of heating rate on unsoundness of stainless steel 
lap joints of 0-002 in. clearance, brazed with S.P.M.1 
alloy at 1120°C x2} 
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in hydrogen atmosphere 


completely soluble in hot water. Unfortunately this 
flux caused severe erosion of Nimonic 90 in periods of 
less than 10 min at 1200°C, the reaction becoming 
catastrophic as soon as traces of liquid metal (either 
the brazing alloy or the product of reaction itself) were 
present. The same effects were produced on Nimonic 
75 only after about 30 min at 1200°C, but no such 
effects were observed on stainless steel under these 
conditions. Severe erosion was accompanied by the 
growth of dendritic nodules (previously described by 
Oldershaw),’? up to 2 mm long. These were identified 
by X-ray diffraction analysis as chromium boride con- 
taining titanium or aluminium boride, and were 
presumably caused by reduction of boric oxide by the 
reactive constituents of the alloy, a large volume of 
low-melting-point, boron-rich alloy being formed in 
addition to boride crystals. 
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Fig. 7—Spread of molten Mn—Ni-—Cr (M.N.C.) alloy on stainless 
steel and Nimonic 75 in hydrogen atmosphere 
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g. 8—Influence of temperature on the areas of spread in 3 min 
of various molten brazing alloys on stainless steel in 
hydrogen atmosphere 


Although borax was not as effective a flux as boric 
oxide under moderately or severely oxidizing condi- 
tions, particularly at the higher temperature, and also 
left insoluble residues, it caused much less erosion 
when used under the same conditions as boric oxide. 
Excessive damage to brazed joints at temperatures up 
to 1200°C could be prevented by using the minimum 
volumes of flux and brazing alloy. 

None of the additions to boric oxide or borax 
noderated its reactivity without unduly reducing its 
value as a flux. 


SPREADING PROPERTIES 
Stainless Steel and Nimonic 75 in Hydrogen 

Comparison of Brazing Alloys—All the brazing 
ulloys and pure metals spread well on both base 
netals if the temperature was raised enough. However, 
the superheat required and the way the rate of spread- 
ing changed with temperature and time varied con- 
siderably with both the brazing alloy and the base 
metal. Pure silver, for example (Fig. 6), spread widely 
on Nimonic 75 at temperatures above 1120°C, whereas 
temperatures much above 1250°C were required on 
stainless steel; in both instances, however, the corres- 
ponding superheats were considerable, 160°C and 
more than 300°C, respectively. Copper showed a 
similar difference on the two base metals but required 
lower superheats, approximately 80°C and 150°C, 
respectively. The manganese-nickel-chromium alloy, 
on the other hand, spread far more readily on stainless 
steel than on Nimonic 75 at the same temperatures 
(Fig. 7). 

The comparison of the rates of spread of the various 
brazing alloys is shown in Figs. 8 and 9, in which the 
areas of spread after 3 min are plotted against the test 
temperature. For the brazing alloys studied, the 
temperatures required for rapid spreading were gen- 
erally much higher on stainless steel than on Nimonic 
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75; the only exception was the manganese—nickel 
chromium alloy. The sensitivity of rate of spread to 
temperature was in most instances high, particularly 
on Nimonic 75, at temperatures giving contact angles 
of about 5°; this sensitivity to temperature is probably 
of great importance in the filling of joints which are 
unevenly heated, as discussed on p. 196. 

A rate of spread at which the equivalent contact 
angle fell to 5° in about 3 min was arbitrarily selected 
as the highest likely to be required for heating cycles 
employed in typical brazing applications.* The tem- 
peratures at which this rate of spread was achieved by 
a number of brazing alloys on vapour-blasted surfaces 
of stainless steel and Nimonic 75 in a pure-hydrogen 
atmosphere are listed in Table I as determined from 
Figs. 8 and 9. 

The relation between the spreading temperature (as 
it has been termed) and the brazing temperature re- 
quired for optimum joint filling properties is dis- 
cussed later. 

Influence of Composition on Spreading Properties 
From previous work on the wetting properties of 
molten solders and other alloys,* it was concluded that 
the equilibrium contact angle is likely to be small if the 
liquid metal can dissolve in, or form a compound 
with, the base metal, though the coating of liquid may 
be unstable and break up again into beads if a layer of 
intermetallic compound is formed. If the liquid metal 
neither dissolves in nor forms a compound with the 
base metal, the contact angle is likely to be large; but 
then wetting can be promoted by the addition to the 
liquid of a third metal, which can itself dissolve in the 
base metal. 

These conclusions are supported by many of the 
observations made in the present work on high-melting 





* Much higher rates of spread are required in soft-soldering, 
whereas lower rates would be adequate for brazing a slowly- 
heated assembly with an alloy which does not rapidly become 
pasty by reaction with the base metal. 
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Fig. 9—Influence of temperature on the areas of spread in 3 min 
of molten 


brazing alloys in Nimonic 75 in hydrogen 
atmosphere 
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point alloys, particularly when the differences in 
liquidus temperatures are taken into account. 

Silver, for example, is virtually insoluble in iron but 
is moderately soluble (34%) in solid nickel at about 
1000—1200°C. 
spread of silver was greater on the nickel-base than 
on the iron-base alloy (Fig. 6). Copper is also more 
soluble in solid nickel than in iron and spreads more 
readily on the former; unlike silver, however, it is not 
insoluble in solid iron, and accordingly spreads some- 
what more readily than silver on stainless steel at equal 
superheats. 

Palladium and manganese are extensively soluble in 


solid iron. In accordance with this fact, the addition of 


palladium and manganese to silver increased the rate 
of spread on stainless steel. The superheat required for 
rapid spreading, i.e. the difference between the 
liquidus and spreading temperatures in Table I, 
decreased progressively from more than 300°C for 
silver to 240°C for Ag-5°% Pd (S.S.C.), 100°C for 
Ag-20%, Pd-5°% Mn (S.P.M.1), and 10°C for Ag-33 % 
Pd—4°, Mn (S.P.M.2). The influence of palladium and 
manganese in silver, though still considerable, was less 
pronounced on Nimonic 75 on which silver itself 
spread more readily; the superheats required for rapid 
spreading of the same brazing alloys were, respectively, 
160°, 70°, 30°, and zero. 

Further confirmation of the relation between alloy- 
ing behaviour and wetting was obtained in spreading 
tests with pure copper and a number of copper-base 
alloys on stainless steel, as shown in Fig. 10. The high 
spreading temperature of copper was greatly reduced 
by additions of several elements much more soluble in 
solid iron at the brazing temperature. The decrease in 
spreading temperature was greater as the total 
addition became larger, in spite of a general rise in 
liquidus temperature of the brazing alloy and a 
corresponding fall in the superheat at the test tempera- 
ture. 

As nickel, manganese, and chromium are all ex- 
tensively soluble in nickel and iron, the high super- 
heats required for rapid spreading of the nickel—boron 
alloys on both stainless steel and Nimonic 75, and for 
M.N.C. on nickel-chromium, were apparently ex- 
ceptional. The need for high superheats was un- 
doubtedly due, however, to a rapid rise in melting 
point caused by interdiffusion, for liquid left in contact 
with the base metal at low temperatures did not spread 
further when the temperature was subsequently raised. 
M.N.C. alloy, for example, became visibly pasty on 
Nimonic 75 at 1150°C; similarly, the low melting point 
of the nickel—boron alloys depends on the presence of 
boron, and metallographic examination provided clear 
evidence of the diffusion of boron from the initially 
boron-rich alloys into the grain boundaries of stainless 
steel and nickel-chromium alloys. 

Poor spreading properties may thus result from 
either (i) the absence from the brazing alloy of a major 
constituent that is capable of dissolving in the solid 
base metal, or (ii) rapid interdiffusion leading to a rise 
in melting point. 

The fact that the liquid metal could be made to 
spread continuously at suitable temperatures for 
10-15 min (the usual duration of the test) before 


MAY, 1958 


In accordance with this, the rate of 


TEMPERATURE, % 


PRE ADING 





5 ry S 


TOTAL ALLOY CONTENT, wt-%o 


Fig. 10—Influence of alloying additions on the spreading tempera- 
ture of copper on stainless steel in hydrogen 


attaining a low contact angle, suggests that, with 
certain alloys at least, a low contact angle is the result 
of interdiffusion between the brazing alloy and base 
metal. If this is correct, the foregoing discussion indi- 
cates that the principal diffusion process involved is 
solution of one of the major constituents of the 
brazing alloy in the base metal. The effect on the 
contact angle could then be explained if, as seems 
reasonable, the sharing of a common major constitu- 
ent were assumed to lower the interfacial energy be- 
tween the liquid and solid metals.* 

Erosion of Base Metal During Brazing—The extent 
to which the base metal was eroded by the molten 
brazing alloy in the absence of a flux was estimated 
from (i) sections through the beads of brazing alloy 
after spreading tests for about 3 min at the spreading 
temperature, and (ii) inspection of brazed lap joints 
heated for 10 min at the spreading temperature. The 
results listed in Table II for both methods are in fair 
agreement. Most of the nickel, cobalt, and manganese 
alloys caused considerable erosion during hydrogen- 
atmosphere brazing, whereas the alloys of silver and 
(on stainless steel) copper caused little or no erosion. 
These results indicate that when erosion must be 
avoided (e.g. when brazing foil) the most suitable alloy 
is one in which the main constituent does not alloy 
readily with the base metal but which contains a 
second element that promotes wetting, e.g. silver— 
palladium or copper-nickel for stainless steel. 


Influence of Flux on Spreading 

As well as removing oxide films, a flux may directly 
influence the rate of spread of the brazing alloy on a 
clean surface of the base metal. To investigate the 
effect of this on the brazing temperature required when 





* The equilibrium contact angle at the perimeter of a spreading 
drop is theoretically a balance between, on the one hand, the 
surface tension of the solid (tending to make the drop spread 
further) and, on the other hand, the sum of the (resolved) 
surface tension of the liquid and the liquid-solidus interfacial 
tension (tending to make the drop retract). Reduction of the 
interfacial tension would therefore favour spreading. 
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Fig. 8—Influence of temperature on the areas of spread in 3 min 
of various molten brazing alloys on stainless steel in 
hydrogen atmosphere 


Although borax was not as effective a flux as boric 
oxide under moderately or severely oxidizing condi- 
tions, particularly at the higher temperature, and also 
left insoluble residues, it caused much less erosion 
when used under the same conditions as boric oxide. 
Excessive damage to brazed joints at temperatures up 
to 1200°C could be prevented by using the minimum 
volumes of flux and brazing alloy. 

None of the additions to boric oxide or borax 
noderated its reactivity without unduly reducing its 
value as a flux. 


SPREADING PROPERTIES 
Stainless Steel and Nimonic 75 in Hydrogen 


Comparison of Brazing Alloys—All the brazing 
iulloys and pure metals spread well on both base 
netals if the temperature was raised enough. However, 
the superheat required and the way the rate of spread- 
ing changed with temperature and time varied con- 
siderably with both the brazing alloy and the base 
metal. Pure silver, for example (Fig. 6), spread widely 
on Nimonic 75 at temperatures above 1120°C, whereas 
temperatures much above 1250°C were required on 
stainless steel; in both instances, however, the corres- 
ponding superheats were considerable, 160°C and 
more than 300°C, respectively. Copper showed a 
similar difference on the two base metals but required 
lower superheats, approximately 80°C and 150°C, 
respectively. The manganese—nickel-chromium alloy, 
on the other hand, spread far more readily on stainless 
steel than on Nimonic 75 at the same temperatures 
(Fig. 7). 

The comparison of the rates of spread of the various 
brazing alloys is shown in Figs. 8 and 9, in which the 
areas of spread after 3 min are plotted against the test 
temperature. For the brazing alloys studied, the 
temperatures required for rapid spreading were gen- 
erally much higher on stainless steel than on Nimonic 
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75; the only exception was the manganese—nickel 
chromium alloy. The sensitivity of rate of spread to 
temperature was in most instances high, particularly 
on Nimonic 75, at temperatures giving contact angles 
of about 5°; this sensitivity to temperature is probably 
of great importance in the filling of joints which are 
unevenly heated, as discussed on p. 196. 

A rate of spread at which the equivalent contact 
angle fell to 5° in about 3 min was arbitrarily selected 
as the highest likely to be required for heating cycles 
employed in typical brazing applications.* The tem- 
peratures at which this rate of spread was achieved by 
a number of brazing alloys on vapour-blasted surfaces 
of stainless steel and Nimonic 75 in a pure-hydrogen 
atmosphere are listed in Table I as determined from 
Figs. 8 and 9. 

The relation between the spreading temperature (as 
it has been termed) and the brazing temperature re- 
quired for optimum joint filling properties is dis- 
cussed later. 

Influence of Composition on Spreading Properties 
From previous work on the wetting properties of 
molten solders and other alloys,* it was concluded that 
the equilibrium contact angle is likely to be small if the 
liquid metal can dissolve in, or form a compound 
with, the base metal, though the coating of liquid may 
be unstable and break up again into beads if a layer of 
intermetallic compound is formed. If the liquid metal 
neither dissolves in nor forms a compound with the 
base metal, the contact angle is likely to be large; but 
then wetting can be promoted by the addition to the 
liquid of a third metal, which can itself dissolve in the 
base metal. 

These conclusions are supported by many of the 
observations made in the present work on high-melting 





* Much higher rates of spread are required in soft-soldering, 
whereas lower rates would be adequate for brazing a slowly- 
heated assembly with an alloy which does not rapidly become 
pasty by reaction with the base metal. 
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Fig. 9—Influence of temperature on the areas of spread in 3 min 
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brazing alloys in Nimonic 75 in hydrogen 
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point alloys, particularly when the differences in 
liquidus temperatures are taken into account. 

Silver, for example, is virtually insoluble in iron but 
is moderately soluble (3-4) in solid nickel at about 
1000-1200°C. In accordance with this, the rate of 
spread of silver was greater on the nickel-base than 
on the iron-base alloy (Fig. 6). Copper is also more 
soluble in solid nickel than in iron and spreads more 
readily on the former; unlike silver, however, it is not 
insoluble in solid iron, and accordingly spreads some- 
what more readily than silver on stainless steel at equal 
superheats. 

Palladium and manganese are extensively soluble in 
solid iron. In accordance with this fact, the addition of 
palladium and manganese to silver increased the rate 
of spread on stainless steel. The superheat required for 
rapid spreading, i.e. the difference between the 
liquidus and spreading temperatures in Table I, 
decreased progressively from more than 300°C for 
silver to 240°C for Ag-5°% Pd (S.S.C.), 100°C for 
Ag-20°%, Pd—5°% Mn (S.P.M.1), and 10°C for Ag-33 % 
Pd—4°, Mn (S.P.M.2). The influence of palladium and 
manganese in silver, though still considerable, was less 
pronounced on Nimonic 75 on which silver itself 
spread more readily; the superheats required for rapid 
spreading of the same brazing alloys were, respectively, 
160°, 70°, 30°, and zero. 

Further confirmation of the relation between alloy- 
ing behaviour and wetting was obtained in spreading 
tests with pure copper and a number of copper-base 
alloys on stainless steel, as shown in Fig. 10. The high 
spreading temperature of copper was greatly reduced 
by additions of several elements much more soluble in 
solid iron at the brazing temperature. The decrease in 
spreading temperature was greater as the total 
addition became larger, in spite of a general rise in 
liquidus temperature of the brazing alloy and a 
corresponding fall in the superheat at the test tempera- 
ture. 

As nickel, manganese, and chromium are all ex- 
tensively soluble in nickel and iron, the high super- 
heats required for rapid spreading of the nickel—boron 
alloys on both stainless steel and Nimonic 75, and for 
M.N.C. on nickel-chromium, were apparently ex- 
ceptional. The need for high superheats was un- 
doubtedly due, however, to a rapid rise in melting 
point caused by interdiffusion, for liquid left in contact 
with the base metal at low temperatures did not spread 
further when the temperature was subsequently raised. 
M.N.C. alloy, for example, became visibly pasty on 
Nimonic 75 at 1150°C;; similarly, the low melting point 
of the nickel--boron alloys depends on the presence of 
boron, and metallographic examination provided clear 
evidence of the diffusion of boron from the initially 
boron-rich alloys into the grain boundaries of stainless 
steel and nickel-chromium alloys. 

Poor spreading properties may thus result from 
either (i) the absence from the brazing alloy of a major 
constituent that is capable of dissolving in the solid 
base metal, or (ii) rapid interdiffusion leading to a rise 
in melting point. 

The fact that the liquid metal could be made to 
spread continuously at suitable temperatures for 
10-15 min (the usual duration of the test) before 
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Fig. 10—Influence of alloying additions on the spreading tempera- 
ture of copper on stainless steel in hydrogen 


attaining a low contact angle, suggests that, with 
certain alloys at least, a low contact angle is the result 
of interdiffusion between the brazing alloy and base 
metal. If this is correct, the foregoing discussion indi- 
cates that the principal diffusion process involved is 
solution of one of the major constituents of the 
brazing alloy in the base metal. The effect on the 
contact angle could then be explained if, as seems 
reasonable, the sharing of a common major constitu- 
ent were assumed to lower the interfacial energy be- 
tween the liquid and solid metals.* 

Erosion of Base Metal During Brazing—The extent 
to which the base metal was eroded by the molten 
brazing alloy in the absence of a flux was estimated 
from (i) sections through the beads of brazing alloy 
after spreading tests for about 3 min at the spreading 
temperature, and (ii) inspection of brazed lap joints 
heated for 10 min at the spreading temperature. The 
results listed in Table II for both methods are in fair 
agreement. Most of the nickel, cobalt, and manganese 
alloys caused considerable erosion during hydrogen- 
atmosphere brazing, whereas the alloys of silver and 
(on stainless steel) copper caused little or no erosion. 
These results indicate that when erosion must be 
avoided (e.g. when brazing foil) the most suitable alloy 
is one in which the main constituent does not alloy 
readily with the base metal but which contains a 
second element that promotes wetting, e.g. silver— 
palladium or copper-nickel for stainless steel. 


Influence of Flux on Spreading 


As well as removing oxide films, a flux may directly 
influence the rate of spread of the brazing alloy on a 
clean surface of the base metal. To investigate the 
effect of this on the brazing temperature required when 





* The equilibrium contact angle at the perimeter of a spreading 
drop is theoretically a balance between, on the one hand, the 
surface tension of the solid (tending to make the drop spread 
further) and, on the other hand, the sum of the (resolved) 
surface tension of the liquid and the liquid-solidus interfacial 
tension (tending to make the drop retract). Reduction of the 
interfacial tension would therefore favour spreading. 
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of molten brazing alloy on stainless steel. Borax flux in 
hydrogen atmosphere 


a flux is used, the spread of several brazing alloys under 
molten borax was measured on strips of stainless steel, 
Nimonic 75, and Nimonic 90, heated in purified 
hydrogen. The results are plotted in Figs. 11-13, 
respectively, and spreading temperatures determined 
from these curves (again for a contact angle of 5° in 
3 min) have been included in Table I. The spreading 
temperatures on Nimonic 75 and 90 were almost 
identical, as might be expected in the absence of oxide 
films, and have been averaged for inclusion in the 
Table. 

Comparison of Figs. 11 and 12 with Figs. 8 and 9 
ndicates that spreading rates were generally even more 
affected by temperature in the presence of a flux than 
in its absence, a rise in temperature of as little as 10 
yr 20°C greatly increasing the area attained in 3 min. 
Che influence of temperature gradients in a joint dur- 
ing brazing would be increased, therefore, if a flux 
were used. 

The flux also increased the initial rate of spread of 
most brazing alloys. Consequently, those which re- 
acted rapidly with the base metal invariably spread 
further than in the absence of the flux, before their 
melting point rose excessively. For this reason, the 
spreading temperatures of the nickel—boron alloys and 
(on Nimonic alloys) manganese—nickel-chromium 
were greatly reduced by the presence of the flux. 
Copper, too, spread more readily in the presence of 
borax on stainless steel. On the other hand, the flux 
had little or no influence on the spreading tempera- 
tures of any of the alloys, which already possessed the 
ability to flow rapidly at low superheats; e.g. copper on 
Nimonic alloys, and S.P.M.1 on stainless steel. 

The beneficial influence of a flux on wetting proper- 
ties is generally attributed in part to a decrease in the 
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surface tension of the liquid metal. On the present 
alloys reduction of boric oxide by the base metal 
would produce a film of boron-rich liquid which might 
similarly accelerate wetting. 


Self-fluxing Brazing Alloys 

Brazing alloys containing boron, phosphorus, or 
lithium are to some extent self-fluxing, for a liquid slag 
(e.g. a borate) is formed on contact with traces of 
oxygen or oxide films.’ *: * The spreading properties 
of a number of such alloys were compared on Nimonic 
90 lightly tarnished in purified hydrogen. No flux was 
added. The results are shown in Fig. 14. 

All the self-fluxing alloys were severely erosive. 

The boron-containing alloys spread readily only at 
temperatures well above 1200°C. Joint-making experi- 
ments have shown that at practical brazing tempera- 
tures (less than 1220°C) such alloys flow sufficiently to 
create fillets at the position in which they were placed 
before brazing, but are not sufficiently self-fluxing to 
penetrate capillary passages. 

Nickel—boron alloys have been stated to be most 
actively self-fluxing when the chromium content is 
reduced to less than 5°%.8 Comparison of the curves 
for various nickel—boron alloys in Fig. 14 does not 
support this statement. 

The copper-lithium alloys possessed lower spread- 
ing temperatures, without requiring lithium contents 
as high as those of boron and phosphorus in other 
alloys. In further experiments, copper—1}°, lithium 
was found to penetrate capillary joints in Nimonic 90 
at 1200°C for distances greater than } in. provided 
that the clearance was larger than about 0-002 in. 
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Fig. 12—Influence of temperature on the areas of spread in 3 min 
of molten brazing alloys on Nimonic 75. Borax flux in 
hydrogen atmosphere 
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Influence of Surface Finish 

Surface Treatments—Curves showing the influence 
of various surface treatments on the areas of spread of 
three brazing alloys on stainless steel or Nimonic 75 
are shown in Figs. 15-17. 

Surface finish had a significant effect on spreading 
rate, which, at its greatest, was equivalent to that 
obtainable with most brazing alloy by raising the 
brazing temperature by about 50°C. This is shown, for 
example, by comparison of the results in Fig. 15 with 
those for the same alloy plotted in Fig. 8, and by the 
results in Fig. 16. With certain alloys, the spreading 
rates of which were exceptionally insensitive to 
temperature, the influence of surface finish was rela- 
tively more important (e.g. M.N.C. on Nimonic 75; 
compare Figs. 17 and 7). 

The most favourable surface treatment was that 
which left a network of deep intergranular grooves, 
along which the liquid could flow by capillary action; 
the brazing alloy was thus surrounded by a network of 
liquid which encouraged flow; e.g. on the pickled 
surface of de-scaled (as-received) stainless steel (Figs. 
18 and 19). The smooth-pickled surface of Nimonic 75 
was less favourable to spreading, particularly as 
further (thermal) smoothing occurred on heating, and 
on this material a surface roughened by vapour- 
blasting gave the most rapid spreading. 

Blemishes—Scratches, machined grooves, and slag 
lines in the surface of the base metal tended to hinder 
the spread of molten brazing alloy across them (Figs. 
16 and 19). On the other hand, the liquid metal flowed 
preferentially by capillary action along grooves and 
scratches parallel to the direction of flow (Fig. 20). 
The effects of a number of blemishes are shown in 
Fig. 21. 


aljag i ‘ 
6 PB? ° 
ja a 
Or 
> 
oF ae 
A ? 7 
O8 
o* e 
~.7 
- < 
i 3 
O6 n conc (1 ' 


SPREAD, 


Oo 

we 
a 
x 


bap ‘JIONV LOVINOD LNIWAINOI 


re) i iS 
a 
304 "e 
« 
<a 
O:3 ¥ 10 
NMP _ tot 5 
02 rf 20 
125 
Jun @ 
O:! 6 ¢ SO 
mf 190 
00600 1100 i200 i300 


TEMPERATURE, °C 
Fig. 13—Influence of temperature on the areas of spread in 3 min 


of molten brazing alloys on Nimonic 90. Borax flux in 
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of self-fluxing brazing alloys on Nimonic 90 in hydro- 
gen atmosphere 


SOUNDNESS OF BRAZED LAP JOINTS 
In Hydrogen Atmosphere 


A dozen or more lap joints in both stainless steel 
and Nimonic 75 were brazed in a hydrogen atmosphere 
with almost every alloy listed in Table I, at tempera- 
tures above and below the spreading temperature and, 
in some examples, at two heating rates. 

In the radiograph prints shown in Figs. 3—5, the 
dark areas represent unfilled regions, the empty, 
0-030-in. thick pocket at the top of the radiograph 
being darkest; the filled areas, particularly the thick 
fillet of brazing alloy (usually crescent-shaped) at the 
bottom of the pocket, are lightest, the density depend- 
ing on the clearance filled. The rivet heads near the 
four corners of the joint are usually shown as light 
patches. In radiographs of joints of small clearance, the 
clarity is obscured by uneven surfaces on the strips 
constituting the joint; in Fig. 3a the filler has just 
entered the capillary space, whilst in Fig. 4a the joint 
is filled, apart from a small area below the pocket. 

Smooth fillets were almost always formed but their 
presence was not an indication of satisfactory sound- 
ness. 

The ranges of clearances in which the joints were 
completely or 80° filled under the conditions in- 
vestigated are reported in Tables III and IV for stain- 
less steel and Nimonic 75, respectively. It was not 
feasible to cover the whole range of brazing conditions 
with each filler, but the information listed in the 
Tables is a guide to the joint-filling properties of the 
brazing alloys in unevenly heated lap joints, and 
allows the influence of each of the factors that affect 
unsoundness to be deduced. 

Comparison of the results in the Tables and Figs. 3 
and 4 shows that some of the alloys, particularly the 
silver-base, differ widely in their ability to fill joints in 
the two base metals, those in stainless steel being 
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Table I 
COMPOSITIONS, MELTING POINTS, AND SPREADING TEMPERATURES OF BRAZING ALLOYS 























| | 
| Spreading Temperatures in Hydrogen, °C 
Brazing Allo, Composition, Liquidus, on Stainless Steel on Nickel-Chromium 
| | Without flux With borax Without flux With borax 
(A) Nickel-Base | 
Nicrobraz | Ni-15Cr-3-75B-4-SSi- | 
| 4Fe ~1100 1230 1100 1170 1050 
Dewrance Alloys: | 
51 | 1240 1170 
$2 | Ni-4-SSi-3-25B | ~1100 1220 1160 
53 | Ni-4-5Si-7Cr-2-9B 
| 3FE | ~1100 1230 1170 
608 1230 1080 1170 1070 
N.M.P.1 | Ni-31Mn-21Pd 1120 1200 1120 1070 
(B) Silver-Base 
Silver | 100Ag 960 | > > 1250 > > 1250 1120 1070 
S.S.C. | Ag-SPd 1020 1260 1090 1050 
S.P.M.1 | Ag-20Pd—SMn 1050 1150 1150 1080 1060 
S.P.M.2 Ag-33Pd-4Mn 1200 } 1210 1135 1110 
S.C.P.4 | Ag-21Cu-25Pd 950 | 1130 1050 1060 
(C) Cobalt-Base 
Stellite 100 ~1230 > 1300 1230 
| 
(D) Copper-Base | 
Copper | 100Cu 1084 1230 1100 1160 | 1150 
Cu-—Ni-Si Cu-6Ni-1Si ~1110 1210 | 
| Cu-25Ni-4Si ~1140 1160 
Cu-Ni-Cr |} Cu-17-5Si-16Cr ~1180 1150 
Cu-—Ni-Mn Cu-30ONi-20Mn —~1100 1130 1120 
Cu-Ni-Cr-Co =| Cu-lONi-8-5Cr-SCo ~1180 1150 
(E) a 
M.N.C Mn—36Ni-10Cr 1060 1070 1100 | 1200 } 1080 
(Chromanil) | 











in (1) Spreading Tests (3 minutes at Spreading Temperature) and (2) Lap Joints (10 minutes at Spreading Temperature) 


Table I 
EROSION OF BASE METAL BY BRAZING ALLOY DURING BRAZING 





1) Nickel-Base 


(B) Silver-Base 


(C) Cobalt-Base 
(D) Copper-Base 





Brazing Allo) 


Nicrobraz 
Dewrance Alloys: 51 
52 
53 
608 
N.M.P.1 
Silver 
S.S.C. 
S.P.M.1 
S.P.M.2 
S.C.P.4 


Stellite 100 


Copper 
Cu-30Ni-20Mn 
Cu-25Ni-4Si 


(E) Manganese-Base M.N.C. 


Erosion During Brazing, * 10~* in 





on Stainless Steel 





| 
| 





Spreading Tests Lap Joints 
6-16 10-20 
5-10 <2-5 

10 <2-5 
9-10 2-5 
6-12 5-15 
14 <2 
<1 a 
<i <1 
<1 <2 
1-3 <2 

l <2 
5-7 <2-5 
2-3 2-5 

2 <2 

5 <2 
<! <2 








on Nimonic 75 
Spreading Tests Lap Joints 

7-10 10-20 

<2 

2-5 

2-5 

2-5 

<1 <2 

<1 = 

<i <1 

<1 <2 

1-2 <2 

<i <2 
10-15 2-15 
34 5-15 
2-5 2-20 
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Fig. 15—Effect of surface finish on the spread of molten silver—palladium—manganese (S.P.M.1)falloy on{stainless steel at 1095°C in 


hydrogen atmosphere 


generally much sounder than those in Nimonic 75. 
The nickel—boron alloys, Stellite 100, and copper were 
most satisfactory for Nimonic 75, while all but very 
few of the brazing alloys could be made to yield 
sound joints in at least a small range of clearances in 
stainless steel. 


Factors Causing Unsoundness 

The observations recorded in the Tables are con- 
sistent with the following picture of the joint-filling 
process. 
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Fig. 16—Effect of surface finish and temperature on the spread 
of molten copper on stainless steel in hydrogen atmos- 
phere 
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In a series of joints with increasing clearance, the 
narrow capillaries were often unfilled, presumably 
owing to a too rapid increase in melting point of the 
filler, caused by interdiffusion with the base metal. As 
the joint clearance increased, the influence of inter- 
diffusion diminished; this is illustrated by the radio- 
graphs of a series of joints filled with S.P.M.1 alloy, 
in Figs. 3a—c. The effects of interdiffusion also varied 
with the base metal, as shown by comparison of these 
radiographs with those for the same filler in stainless- 
steel joints (Figs. 4a—c). 

When the clearance was increased further, un- 
soundness again appeared, and eventually became very 
pronounced in joints of large clearance (Figs. 3d and 
4d). This type of unsoundness was apparently caused 
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Fig. 17—Effect of surface finish on the spread 
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Fig. 18—Part of zone of intergranular penetration (/op) by 


S.P.M.1 alloy on pickled surface of stainless steel. 
Spread has been obstructed by transverse scratch 250 


by uneven heating, which led to non-uniform filling 
and the consequent isolation of unbrazed islands. The 
plane lap joints used were particularly prone to such 
unsoundness because the edges of the joint, being most 
exposed to radiation, reached the brazing temperature 
first; the molten filler then flowed down the edges of 
the joint, thus sealing off cooler patches in the centre, 
and the gas isolated there prevented further penetra- 
tion by the filler. The observation that joints held at 
the brazing temperature for up to 60 min were no more 
sound than those removed after 2 min, confirms that 
the unbrazed islands became isolated soon after the 
filler reached its flow temperature. 

[he ‘act that unsoundness attributed to non-uni- 
form filling was more pronounced as the capillary 
clearance increased is consistent with the known rela- 
tion between capillary size and rate of flow.* The 
liquid would flow more rapidly into wider capillaries 
and unfavourable temperature gradients in the joint 
would have less opportunity to level out before the 

oler parts became isolated. 





Fig. 19—Flow of molten S.P.M.1 alloy and surrounding zone of 
cratl 


tion, obstructed by slag stringer 
(near top) in surface of stainless steel x 25 
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Fig. 20—Flow of molten copper (/e/i) along scratch on surface of 
Nimonic 75 25 


As a consequence of these two causes of unsound- 
ness, there was generally a range of clearances in each 
series of joints just large enough to allow complete 
penetration by the brazing alloy without the formation 
of unbrazed islands that would result from too rapid 
filling. The range of sound joints which could be 
brazed with certain alloys, however, was small, or 
even non-existent. This was more often the case with 
Nimonic 75 than with stainless steel; the difference 
between the two base metals is in accordance with 
(i) the tendency of many fillers to react more readily 
with nickel than with iron; (ii) the observation that 
rates of spread of brazing alloys are generally more 
sensitive to temperature differences on Nimonic 75 
than on stainless steel; and (iii) the lower thermal 
conductivity of Nimonic 75, and hence steeper 
temperature gradients. 

A reduction in the rate of heating generally caused 
more unsoundness in joints of small clearance, owing 
to interalloying, but joints of larger clearance became 
more sound, presumably because temperature radients 





Fig. 21—Distortion of S.S.C. alloy bead by numerous blemishes 
in surface of stainless steel x5 
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Table UI 
SOUNDNESS OF BRAZED LAP JOINTS IN STAINLESS STEEL 
Range of Clearances Filled (inclusive) * 10~* in. 
| Spreading | Brazing {_—______—— 7 - - 
Brazing Alloy Temperature, Temperature, 850°C to Brazing 850°C to Brazing 
, Temperature in 4 min Temperature in 40 min 
} } —————_———_—— 
| 100°, sound | 80°. sound | 100°, sound | 80°, sound 
| —— —— 
| 
(A) Nickel-Base 
Nicrobraz 1230 1220 0-2 0-10 
} 1170 0-2 0-10 none 0-10 
Dewrance Alloys: 51 1240 1200 | 0-10 0-10 
52 1220 1200 | OS 0-10 
53 1230 1200 10 | 0-10 
608 | 1230 1170 4-5 4-10 
N.M.P.1 1200 | 1200 0-2 0-7 
| 1150 | <2-10 none 2-10 
(B) Silver-Base | | 
$.$.C i260 60 |S i20'—i«<‘Ssi‘i‘éitwSs|S CO 
1160 | 000 | ° 0610 
1120 | 0-10 0-10 
S.P.M.1 1150 1200 | 0-1 0-5 
1150 | Ot 0-5 
1120 | O04 0-1 >2-10 > 2-10 
| 
| | | 
S.P.M.2 1210 1210 | 2 . eg 5 1-10 
| TC nn a > 
S.C.P.4 1130 1130 | none 0-2 
1030 0-5 0-10 
(C) Cobalt-Base | | 
Stellite Alloys: 100 | > 1300 1240 none | 4-10 | none 1-10 
R.39 | ~1290 | 1200 none | $5 | 
| | 
(D) Copper-Base | 
Copper 1230 1220 0-2 = * 
1150 | 02 | OS 
Cu-15Ni 1180 1200 } 4-2 
Cu-6Ni-1Si | 1210 1200 j | $~2 
Cu-25Ni-4Si | 1160 1200 none 0-1 | 
1150 0-10 0-10 
Cu-17-SNi-16Cr 1150 1200 | #2 1-2 
Cu-30Ni-20Mn 1130 1200 | none 0-1 
Cu-10Ni-8-5SCr-SCo 1150 1200 | 42 | 4-2 
| | i 
(E) Manganese-Base 
M.N.C. 1070 1150 | 02 | 02 
1080 0-2 0-<5 | 10 4-10 














in the joint were smaller. These effects are illustrated 


by the results in Table V and in Fig. 5. The range of 


sound joints was therefore moved towards higher 
clearances by reducing the rate of heating, but was 
not necessarily extended. 

A reduction in brazing temperature to well below the 
spreading temperature made clogging due to alloy 
formation more severe in certain instances (e.g. 
nickel—boron alloys and M.N.C. on Nimonic 75), and 
with these a high brazing temperature favoured sound- 
ness in joints of small clearance. In wider capillaries, 
however, the slower rate of flow of the filler at lower 
brazing temperatures generally led to increased 
soundness of the joint. 

The unsoundness resulting from non-uniform heat- 
ing was grossly accentuated when the spreading 
temperature of the brazing alloy used was near the 
temperature at which oxide films on the base metal 
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were reduced by hydrogen (1000°C on stainless steel, 
1100°C on Nimonic 75). In such instances, the per- 
sistance of oxide films in the cooler parts of the lap 
enlarged the unbrazed area which eventually became 
isolated. The influence of this factor is indicated by 
comparison of the results for S.S.C. alloy on Nimonic 
75 (spreading temperature 1090°C; no sound joints) 
and on stainless steel (spreading temperature 1260°C; 
all joints sound). 


With Flux 

A selection of lap joints in stainless steel, Nimonic 
75, and Nimonic 90 were brazed in hydrogen at the 
intermediate heating rate (850° to the brazing tempera- 
ture in 4 min), using borax as a flux. Some of these 
joints were brazed under conditions which, in the 
absence of a flux, gave a high degree of soundness. 

All the joints showed severe flux inclusions. There 
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seems little doubt that the increased unsoundness 
could be attributed both to the difficulty of displacing 
the viscous flux, and to the greater effect of tempera- 
ture gradients in the presence of the flux, as already 
discussed. 

A further series of tests was made with models of 
fire-tree-root joints in }-in. thick Nimonic 90,* again 
using borax as a flux in a hydrogen atmosphere. The 
mean clearance was 0-002 or 0-004 in. but no attempt 
was made to maintain a uniform clearance during 
brazing. Under these still severe conditions, joints 
could be brazed with copper at 1120° to 1140°C, 
containing only 2 or 3°, (by area) of flux inclusions. 
With other brazing alloys, however, the high brazing 
temperatures and hence rapid flow which were nec- 
essary to secure capillary penetration through the 
}-in. thickness led to much more severe flux inclusions. 


Joint Design and Mode of Heating 

The plane lap joint used in the work already des- 
cribed probably represents a severe test of joint-filling 
properties because steep temperature gradients exist 
across the joint while it is heated to the brazing 
temperature, and the capillary passage is long. 

Other types of joint might be more easily made 
sound. For example, joints having shorter capillary 
passages could be brazed at lower temperatures, for 
they are less likely to become clogged by interdiffusion 
before being filled; at such temperatures the brazing 
alloy would flow more slowly, allowing temperature 
gradients to level out and reducing the risk of un- 
brazed islands becoming isolated in the joint. A plug- 
in-socket joint of circular cross-section would be still 
ess liable to develop steep temperature gradients 
icross the path of the brazing alloy, and such joints 

ould probably be made sound, therefore, under a far 
vider range of conditions than is possible with the 
plane lap joint. This is confirmed by the fact that in 
ther work only three moderately unsound joints were 
detected among 100 plug-in-socket joints of circular 
ross-section, made with }-in. long capillary passages 
)f various clearances; the joints were in stainless steel 
nd were brazed in a hydrogen atmosphere without a 
lux. Similar joints in Nimonic 90 brazed using borax 
is a flux were less sound; most of about 100 joints 
made with various clearances possessed up to 5°% (by 
irea) unsoundness, and a few (mostly brazed with 
nickel-base alloys) were more unsound. 

The temperature gradients in a joint are strongly 
influenced by the mode of heating; those in the plane 
lap joint are particularly severe when the joint is 
heated rapidly by radiation in a furnace. Two lap 
joints of large clearance, brazed by being slowly 
lowered in a vertical position into a fused-flux bath, 
were considerably more sound than the corresponding 
joints brazed in a hydrogen atmosphere. The improve- 
ment in soundness was probably due to the partial 
replacement of lateral temperature gradients by more 
favourable longitudinal gradients. 

In the light of these observations, the clearance for 
obtaining sound joints listed in Tables III and IV 





* Kindly provided by the Austin Motor Co. 
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probably apply only to the most difficult furnace- 
brazed assemblies, and somewhat wider limits could 
be assumed for clearance in other types of joint. 
Furthermore, the risk of inclusions would be small 
in joints brazed in vacuo instead of a hydrogen 
atmosphere. 


Significance of Spreading Temperature in the Selection of 
Brazing Temperatures 

The brazing temperature likely to produce the 
highest soundness clearly depends on the brazing 
process used and the design of the joint. 

The spreading temperature probably represents the 
appropriate brazing temperature for long capillary 
passages to be filled with alloys which react quickly 
with the base metal, for rapid penetration of the 
capillary is then essential. The same temperatures are 
probably required for assemblies in which the filler 
cannot be melted close to the mouth of the capillary 
space or must spread towards it against gravitational 
forces; the choice of a brazing temperature above that 
adequate for spreading would assist the entry of the 
filler into the joint and may thus allow the use of an 
unfavourable joint design which would simplify the 
assembly process. 

On the other hand, a brazing temperature well be- 
low the spreading temperature may be preferable for 
joints of large clearance in which unfavourable 
temperature gradients are established during heating, 
for rapid filling of the capillary is then undesirable. 

The spreading temperature clearly has little relev- 
ance in an assembly process in which braze-clad sheets 
or preplaced brazing alloy shims are used, as contact 
with the surfaces of the joint occurs readily at tempera- 
tures just above the liquidus temperature of the filler, 
and higher temperatures would be unnecessary. 
Similarly, uniformly heated joints in which replaced 
forms can be melted close to the mouth of the capillary 
could be brazed over a wide range of temperatures, 
provided that the effect of alloying is not excessive in 
the clearance used. 


SUMMARY OF RESULTS AND CONCLUSIONS 
Oxide Removal 

(1) Austenitic stainless steel, Nimonic 75, and other 
heat-resisting alloys containing little or no aluminium 
and less than |-2° titanium can be brazed without a 
liquid flux in purified hydrogen (containing about 
10-*°, by volume of moisture), at temperatures above 
approximately 1000°C for stainless steel and 1100°C 
for Nimonic 75. 

(2) Oxide films on Nimonic 90 and other alloys con- 
taining aluminium cannot be reduced in purified 
hydrogen. A hydrogen-atmosphere brazing process 
can nevertheless be used without a flux with these 
alloys if they are first plated with metals such as 
copper, nickel, or chromium, which form more easily 
reducible oxides. 

(3) Boric oxide is the most active flux on heat-resist- 
ing alloys, and can be safely heated for prolonged 
persiod on stainless steel, or for periods of up to 30 min 
at 1200°C on Nimonic 75. It causes severe erosion of 
Nimonic 90; borax is less harmful, and erosion and 
embrittlement under severe conditions can be con- 
trolled by limiting the amounts of flux and brazing 
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Table IV 
SOUNDNESS OF BRAZED LAP JOINTS IN NIMONIC 75 
Range of Clearances Filled (inclusive) « 10-* in. 
Spreading Brazing 
Brazing Alloy Temperature, Temperature, 850°C to Brazing 850°C to Brazing 
: [ Temperature in 4 min Temperature in 40 min 
100°, sound | 80° sound | 100% sound | 80°%, sound 
| } — — $$] 
(A) Nickel-Base 
Nicrobraz 1170 1220 4-1 4-10 none > 5-10 
1170 none 2-10 
Dewrance Alloys: 51 1170 | 1150 4-10 | 4-10 
52 ae eee” ee ee 
$3 | oe. | A dL eee ee 
N.M.P.1 1120 1180 none none none 1-5 
| 1130 none none 
| i 
| | | 
(B) Silver-Base 
3.S.C 1090 1150 none none | 
1120 none none 
| | | 
S.P.M.1 1080 1175 none 2 
1130 none 4.8 
} 
S.P.M.2 1135 1200 none 4-10 none | 1-10 
| 1150 none 10 
S.C.P.4 1050 1150 none none 
(C) Cobalt-Base 
Stellite Alloys: 100 1230 1240 1-5 1-10 5 2-10 
R.39 1230 1200 none 10 
(D) Copper-Base 
Copper 1160 1200 1-5 1-10 none > 10 
| 1150 | 2 2-10 | 
1120 none 10 
| | 
(E) Manganese-Base 
M.N.C. 1200 1200 | none l none 10 
1150 | none 5-10 








alloy used to approximately two or three times the 
volume of the capillary space. 
Spreading Properties 

(1) The ability of the molten alloy to spread depends 
on the surface finish of the base metal, but the effect of 
temperature is usually more important. The tempera- 
tures at which the various brazing alloys spread at 


Table V 
EFFECT OF HEATING RATE ON UNSOUNDNESS OF 
STAINLESS-STEEL LAP JOINTS 


Brazed with S.P.M.1 alloy at 1120 C in Hydrogen 
Atmosphere 





Time of Heating 

from 850°C to 

Brazing Tempera- 
ture, min 


Unsoundness 





In 0-005-in. 


In 0-002-in. 
Clearance 


Clearance 


| Extensive 





1 Extensive (Fig. 55) 
4 Considerable (Fig. 5a) | Considerable 
40 incompletely filled 


owing to alloying 





| Slight 
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as high a ratio as is likely to be required in brazing 
(sufficient for the angle of contact at the perimeter of 
the drop to fall to 5° in 3 min) are summarized in Table 
VI with comments on the erosion caused by the liquid 
metal at these temperatures. 

(2) A low spreading temperature is favoured by the 
presence in the brazing alloy of at least 5~20°% of an 
element soluble in the solid base metal at the brazing 
temperature, though excessive alloying with the base 
metal may hinder spreading (e.g. nickel-boron and 
manganese-base alloys). 

(3) The variation of spreading rate with temperature 
is often greater in the presence of a flux, but spreading 
may be more rapid and is less hindered by interalloying. 


Unsoundness in Joints 

(1) The joint-filling properties of high-temperature 
brazing alloys, under conditions tending to cause un- 
soundness, are compared in Table VI. More detailed 
results are given in Tables III and IV. 

(2) The principal cause of unsoundness in capillaries 
of large clearance is uneven heating; as the rate of 
spreading and contact angle of the brazing alloy 
rise sharply with temperature, the hotter parts of 
the joint are filled first and the molten metal then 
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Table VI 
PROPERTIES OF BRAZING ALLOYS 
Spreading Temperatures, | Joint Filling Properties in | 
Brazing Allo Liquidus, & | Hydrogen Atmosphere | _ Erosion of Base Metal 
c | en ee! ee eS piel 
On Nickel- | On Stainless Nimonic 75 Stainless | Nickel | Stainless 
| Chromium | Steel Steel | Chromium | Steel 
(A) Nickel-Base | 
Nicrobraz ~1100 |} ~1170 1230 Moderate | Good | Severe Severe 
Dewrance Alloys: 51 | 1170 1240 | Good | Good 
52 ~ 1000 1160 | 1220 Good | Good | Moderate Moderate 
53 ~ 1000 1170 1230 Good Good 
608 1170 1230 | Good Moderate | Severe 
N.M.P.1 1120 1120 1200 Poor | Good Slight Slight 
(B) Silver-Base 
oe oe 1030 1090 1260 Poor | Good 
S.P.M.1 1050 1080 1150 Poor | Good . “1:4 
S.P.M.2 1200 1135 1210 Moderate | Good Slight sag 
S.C.P.4 950 1050 1130 =| ~ Poor | Good 
| 
(C) Cobalt-Base 
Stellite 100 ~1230 1230 > 1300 | Good Moderate | Severe | Moderate 
| 
(D) Copper-Base 
Copper 1084 1160 1230 Good Good Moderate Slight or 
| moderate 
Cu-—25Ni-4Si ~1140 1160 Good | Slight 
Cu-—30Ni-20Mn ~1100 1130 | Slight or 
moderate 
(E) Manganese-Base 
M.N.C. (Chromanil) 1060 1200 1070 | Poor Moderate Severe Slight 
| to good 











cannot penetrate the isolated pockets of gas or flux inthe 
cooler parts. If the spreading temperature of the braz- 
ing alloy on a clean surface is close to that at which 
yxide on the base metal is reduced by hydrogen, per- 
sistence of oxide in the cooler parts of the joint 
accentuates non-uniform filling. When the joint clear- 
ance is reduced, capillary penetration is retarded and 
temperature gradients are able to decline before the 
joint is filled, thus reducing unsoundness, but too 
narrow capillaries become choked by alloying. There 
is usually, therefore, a range of capillary clearances 
which may be completely filled even when the tempera- 
ture is not uniform, but the range varies considerably 
with the brazing alloy and base metal, and is critically 
dependent on brazing conditions; a slow heating rate, 
for example, promotes the blocking of narrow capil- 
laries by alloying but encourages the uniform filling of 
large clearances. The widest range of sound joints is 
obtained when the joint design and the method of 
heating permit rapid melting and unidirectional flow 
of the brazing alloy. The presence of a smooth fillet is 
not an indication that the joint is sound. 

(3) The presence of a flux greatly increases unsound- 
ness, 

(4) The optimum brazing temperature depends on 
the brazing process. For example, it need be no 
higher than the liquidus of the filler when preplaced 
brazing alloy shims are used. Jeints containing long 
narrow capillaries may be best filled at temperatures 
above the spreading temperatures as these allow 
rapid penetration and thus prevent interference by 
alloying; whereas unevenly heated joints of large 
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clearance would probably be most sound if brazed at 
temperatures well below the spreading temperature, to 
achieve slow penetration, provided that the brazing 
alloy could be distributed uniformly along the mouth 
of the capillary and does not have far to spread to it. 


APPENDIX 


Apparatus for Spreading Tests 

The apparatus is shown in simplified form in Fig. 22. It 

consisted of a strip of the heat-resisting alloy, 10 in. x 0-5 in. 

< 0-048 in., held between two heavy, water-cooled, copper 
conductors, in a tube of clear silica through which a current 
of pure hydrogen or other gas was passed. The strip was 
heated by passing a current of several hundred amperes 
through it at 3-6 V from a transformer. The expansion of 
the strip during heating was taken up by a corresponding 
expansion of the compressed phosphor-bronze bellows. 

Beads of brazing alloy having a volume of 0-004 cm* 
were dropped on to the heated strip by tapping the stainless 
steel rod. This was slid into position along the strip through 
the seal in the water-cooled end plate (cooling coils have 
been omitted from the figure). 

In the construction of the gas train only glass and copper 
tubing were used, connections being made either by brass 
unions fitted with rubber-ring seals or by polythene tubing 
which was fused on to heated glass and copper tubes. The 
hydrogen passed from the brazing apparatus to the atmos- 
phere through a mercury bubbler, which prevented the 
entry of air and maintained a pressure of 3 in. Hg in the 
brazing apparatus; this pressure of hydrogen not only 
tended to reverse small leaks, should they have occurred, 
but also reinforced the tension on the strip applied by the 
bellows. Hydrogen was passed through the silica tube at 
20 litres per hour. 
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Fig. 22—Apparatus for observing spread of brazing alloys on metal strips heated to high temperatures in hydrogen atmosphere 


To measure the surface temperature of the heated strip, 
at least three chromel—alumel thermocouples were spot- 
welded to the underside; all surface preparations were 
applied to both sides of the strip to avoid temperature 
differences due to variations in emissivity from top and 
bottom surfaces. The temperature near the edge was 
approximately 10°C lower than at the centre of the strip, 
but this variation affected the areas of the drops of brazing 
alloy only when they had become large. The temperature 
variation along the middle of the strip was generally 
5°C or less over the central 34 in. to which spread-of- 
drop experiments were confined. The total error in tempera- 
ture measurement was estimated to be + 10°C; some con- 
firmation of this estimate was obtained by comparison of 
the scatter in the plotted curves with the distance between 
curves for various temperatures, and from melting-point 
determinations on beads of copper, the recorded melting 
temperatures of which were always within 5°C of the true 
melting point. Temperature fluctuations during the course 
of each experiment were controlled by adjustment of a 
rheostat in series with the primary coil of the transformer. 
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General Considerations in the Welding of 


Materials for Industrial and Chemical Plant 


By Vf. Birkhead, A.Met. (Sheffield), A.l. V., 


SYNOPSIS 
THis paper deals in general terms with the welding processes, 
techniques, and problems associated with the manufacture of 
industrial and chemical plant in mild steel, stainless steel, 


stainless-clad, nickel and nickel 


alloys, and aluminium and 
aluminium alloys. Reference is made to specie items of 
manufactured plant. Observations are made on the training 
und testing of welders, weld preparations, and procedures. 


Factors 


ilfecting the quality of welds are outlined for the 


naterials under consideration. 


Introduction 


ELDING has become a well-understood science 
W in a healthy state of development. The applica- 

tion of welding processes and technology is now 
so wide that it is considered to be one of the most 
important industrial tools contributing to our present 
standard of living. An excellent survey of welding 
progress in this country was given in a paper by 
Atkins presented at the British Commonwealth 
Welding Conference in 1957. 

Engineering firms manufacturing plant and equip- 
ment for a wide variety of industries owe their rapid 
development to the studied and vigorous application 
of modern welding techniques. In order to achieve all 
that welding offers, many basic problems must be 
tackled methodically under the direction of qualified 
personnel, who not only can understand and translate 
the results of fundamental research, but must be able 
to apply and control technical developments and 
practices in production at shop floor level. 
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The author is Chief Metallurgist and Welding Engineer with 
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The problem of providing and maintaining a suit- 
ably trained welding force is of vital importance. 
Welders must be encouraged to be proud of their work 
and to understand the materials and tools with which 
they work. A well-equipped welding school is essential 
for the initial training of youths, and for the systematic 
training and periodic testing of welders to meet the 
specific requirements of various Insurance Companies 
and Codes of Practice. Some theoretical training 
should be given and welders encouraged to attend City 
and Guilds Courses at technical colleges. Welding- 
plant manufacturers and the Institute of Welding 
(continuing the work of the B.W.R.A.) are providing 
excellent facilities for the further education of all 
categories in the welding industry. In 1955 and 1956, 
BS.2645 Parts | and 2, dealing with the training and 
testing of welders, was issued; this makes available a 
series of standard tests for this purpose. Some firms 
have drawn up their own testing procedures which 
must be satisfied before any welder seeking employ- 
ment can be accepted. A skilled welder with the right 
temperament is a valuable asset to any firm. 

It is often said that the success of a firm is pro- 
portional to the quality of its supervisory personnel. 
In welding, supervision assumes great importance 
throughout the progress of any job. A supervisor must 
be given the necessary authority to maintain good 
welding practice; he must maintain discipline and earn 
the respect of the welders by his ability and diplomacy 
in handling the many problems which arise. He must 
be enthusiastic, and able to assimilate technical know- 
ledge and methodically apply new techniques. 

Many problems which arise on the shop floor can 
be eliminated by an organized system of approach to 
any contract from its inception. In the author’s firm, 
a close liaison has been developed between design, 
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20 in. outside dia. SURFACE CONDENSER 
ELECTRODES: EN 58/ TO ENS5S8/: METAL-ARC CHROMAC MM 
ARGON-ARC 18-8—Mo. 


ENS8J/ TO M.S.: CHROMAC MM 








M.S. TO M.S.: VELVARC 
Procedure 
Description Item No. (see Drg. No. E872 205 for Assy Procedure) 
ES . 
3 "Caz 
Outside 
— - 
| ne 
t 
. \ { - 
‘he & 
Shell Seams Longitudinal Seam 
| Use backing bar 
] tun argon-arc 
l run metal-arc. 6 5.w.g. 


Circumferential Seams 
Blank off and purge with nitrogen 
2 runs argon-arc 
No gop ; 
Ving 
r . 
mnsie m& 710°? >» 
Jacket Plate Seam 1 run inside 6 s.w.g. metal-arc 
Grind back to sound metal 
1 run to 6 s.w.g. outside 











Fig. 1—Section from typical welding procedure 





(a) Plate Thickness 
| 


Joint Preparation Weld Procedure 


| - 7 1 pass each side 
} in. | i an Full automatic 
Close squore butt o 
1 a, 
gO Ss Inside: 1 pass manual 
2 in. ] ‘s! 4 or | pass automatic 
‘st y hbase Outside: 1 pass automatic 
90° — 


1 pass each side 
Full automatic 























| _ 
SS SS a pee F — — — - ——EEE7E 
= sit ' = Bee-Line A sien iatibicicmnaibaniadaliaain 
(b) (i) Manual (ii) Manual and Automatic (iii) Full Automatic 
| ° 
_ 90° SF as, 
ey ., — t ‘47 oe + NWT 3s 
t eka : ro t 
, cy = = = Ky 
= oy <a vat { 
} a) _ << }* 9 t &° = 
eae acoad 0° 90° 
fy-in. root face #-in. root face }-in. root face 
fy -in. root gap No gap sets No gap 
70° V 90° V ik in. deep on inside 90° V 4 in. deep each side 
4 in. deep on outside 
4 runs in V 1 run manual weld 1 run automatic weld on each side 
Grind back to sound weld metal No grinding back 
| run to complete Grind tackwelds from outside 
1 run automatic outside 





Saving of (ii) over (i)— 3 runs manual welding, and grinding back. Continuous welding speed outside, 
Further saving of (iii) over (ii)— inside weld deposited at automatic speed, with greater penetration. 


Fig. 2—Weld preparations and procedures for manual and automatic submerged-arc welding : (a) Preparations for various thicknesses; 
(b) comparison between operations for }-in. plate. 
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Fig. 3—Grooving attack adjacent to argon-arc weld in 18-8 Ti 


stainless steel after service in contact with concentrated 
nitric acid 


estimating, planning, inspection, and works depart- 
ments when dealing with industrial and chemical plant 
or other non-standard products. The approach en- 
sures that the full requirements are established, 
fabrication difficulties discussed and methods devised. 
a suitable welding design formulated, and operational 
planning sheets, together with an inspection schedule, 
drawn up for the guidance of works personnel. 
Thorough supervision is maintained throughout the 
various stages of production to the established pro- 
cedures. 

The welding procedure is prepared by the welding 
engineer’s department and gives details of plate edge 
preparation, welding materials, weld size, number of 
weld runs, welding process, welding sequence, and any 
other special precautions. In most cases separate pro- 
cedure sheets are issued, which are simple to follow 
and specify the weld joint, drawing item number, and 
a sketch showing the weld details. These are issued to 
the works departments and to each plating and weld- 
ing team involved, who can then see at a glance what 
is required. Welding symbols are considered to be too 
complicated. A section taken from a typical welding 
procedure is shown in Fig. 1. 

The problems concerning materials and processes 
which confront the manufacturers of industrial and 
chemical plant cover a vast field. Most of the diffi- 
culties associated with welding are related to the 
metallurgical characteristics of the material being 
welded. Some aspects of these problems are consid- 
ered in this paper for selected materials, with reference 
to the methods adopted by the author’s company. 


MILD STEEL 

The metallurgical features associated with the weld- 
ing of mild steel are well known. Problems which arise 
are often connected with the quality of the plate being 
welded; laminations, segregations, the method and 
degree of deoxidation (i.e. whether killed, semi-killed 
or rimming quality), and high sulphur content are all 
factors which can give rise to defects such as porosity, 
cracking, poor weld appearance, and inferior mech- 
anical properties. Other factors which cause defects 
are inadequate plate edge preparation, faulty tack 
welds, damp electrodes, and poor welding technique. 

Electrode manufacturers are fully alive to two 
important requirements in the application of the metal- 
arc process: (a) Good operational characteristics of 
electrodes, and (b) improved metallurgical properties 
of the weld metal. Operational advantages include 
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increased welding speed, arc stability, adequate penetra- 
tion, weld appearance, slag detachability, and ease of 
manipulation. The metallurgical aspect is concerned 
with freedom from micro-fissures, soundness to radio- 
graphic standards, and superior mechanical properties, 
particularly with regard to notch ductility at sub-zero 
temperatures. 

One of the outstanding developments in the last few 
years has been the introduction of the iron-powder 
electrodes, based on a rutile, iron oxide, silicate, or 
basic coating. These electrodes offer many advantages, 
including fast welding speeds, high metal recovery, 
excellent slag detachability, touch-welding character- 
istics, and ease in manipulation. By the controlled 
application of iron-powder electrodes for the welding 
of mild-steel storage tanks, involving lap or fillet 
welds, using power-driven rotators for positioning, 
production was more than doubled, with a consider- 
able improvement in the weld quality when compared 
with the results obtained when using a standard Class 2 
electrode. Electrodes of this type are now available 
which have good positional welding characteristics 
and give radiographically sound welds. 

Basic-coated low-hydrogen electrodes have been 
further developed over the last ten years. Their 
metallurgical advantages have been fully established, 
and they can readily be used for positional welding. 
Many problems have been solved by the application of 
basic-coated electrodes for the welding of thicker mild- 
steel sections, low-alloy high-tensile steels, high- 
sulphur steels, and for hardsurfacing applications. 
Although these advantages can be achieved, it must be 
emphasized that serious porosity can result unless 
these electrodes are stored under controlled condi- 
tions, are thoroughly dried before use, and are cor- 
rectly deposited, using a short arc length. 

Of the present automatic processes in general use, 
submerged-arc welding finds the widest application. 
Each installation differs somewhat in mode of opera- 
tion, but generally the work is arranged to travel under 
the stationary welding head at a suitable predeterm- 
ined welding speed. It is essential that the welding 
speed and current settings are carefully related for 
different thicknesses of plate. Flux selection is import- 
ant in determining the finish and quality of weld. Both 
fused and agglommerated fluxes are available, and 
provide specific advantages. The causes and types of 





Fig. 4—Pitting and selective corrosion on 18-8 Ti steel tank 
used for phosphoric acid de-rusting liquor 
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Welding 
Process 


Argon-arc 








Plate Thickness 


10 s.w.g. 
8 S.w.g. 


iy in. 


10 s.w.g. 
8 s.w.g. 





Joint Preparation 


Q 


Close squore butt 


3g 1% 


| 
KC 


* ¥ 
— 
<> 


Leoding bevel, close butt 





No. of Runs 





Welding Procedure 


Where possible joint supported with 
grooved backing bar 

or where inaccessible blank off and purge 
weld area with argon or nitrogen gas 


| run each side where accessible 
or where inaccessible blank off and purge 
argon or nitrogen gas 


As above 


1 run each side 








70° 
ie in , 2 1 run in V 
regs - Grind back to sound weld metal 
ae ao 1 run to complete 
79° 
tin YZ 3 3 2 runs in V 
Grind back to sound weld metal 
‘he Root foce 1 run to complete 
‘he Root gap 
70° 
Metal-arc } in. : 4 4 3 runs in V 
Grind back to sound weld metal 
he Root foce 1 run to complete 
‘ie Root gap 
ss - 
sin SJ 5 4 runs in V 
PETS s ‘ Grind back to sound weld metal 
he Root foce 1 run to complete 
‘ie Root gop 
1O? ” Ine 
jin --@ 6 Rod 10 5 runs each side 
tose | With grinding back at root to sound weld 
——— metal 
‘te Root foce 
*/a U preps 
She U prep». ) 
. 70° 
i in. —_ 4: 3 2 runs in V 
Fans Grind back to sound weld metal 
‘ite Root foce 1 run to complete 
close butt 
Inert-gas 
Metal-arc 
' 79° e 
din ts 6 Runs | and 2 deposited in 70° V 
Tackwelds ground from 90° V 
Runs 3 and 4 deposited in 90° V 
a> hic Run 5 to complete 70° V 
2" Root foce Run 6 to complete 90° V 
Fig. 5—Weld preparations and procedures for stainless steel 
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defects encountered with submerged-arc welding can 
be summarized as follows: 

Defect 


Piping, burn-through, lack 
of fusion 


Cause 
Poor fit-up of weld joints 


Damp fluxes 

Mill scale and rust in the 
weld area 

High sulphur content of plate 
or segregated plate 

Dirty, oily plate 

Laminated plate 


Porosity and possibly 
cracking 


Large piping and possibly 
cracking 

Poor finish and under- 
cutting; excessive build up 
of weld metal with lack of 
penetration. 


Incorrect current settings and 
welding speeds 


The type of plate preparation used is determined to 
a great extent by the method of construction of the 
vessel concerned; for instance, it will depend on 
whether the internal welds can be welded by using an 
internal boom carrying an automatic welding head, or 
welded by the metal-are process followed by external 
automatic welding of the joints. Typical plate prepara- 
tions for submerged-arc welding of mild-steel plates 
less than | in. thick, together with a simple comparison 
of automatically and manually welded joints, are 
given in Fig. 2. 

Many new developments in the automatic welding 
field have been made, but have not yet found extensive 
application. These new processes have been reviewed.* 
It is evident that the straight gas-shielded processes do 
not compete either economically or metallurgically 
with the fully automatic processes using flux. A new 
process using a continuous covered electrode, designed 
to operate in the conjunction with CO, shielding, 
shows much promise, and has been fully described by 
Mitchell and Freeth.* 


STAINLESS STEELS 

The stainless steels can be classified into three 
broad groups, i.e. martensitic, ferritic, and austenitic 
steels. From the aspect of weldability, the ferritic steels 
containing more than 16° chromium and usually less 
than 0-1°, carbon cannot readily be welded. The 
martensitic steels with 12-14°, chromium and up to 
0:3°, carbon can be welded if certain well-defined 
precautions are taken, including pre- and post-heat- 
treatment, whereas the austenitic chromium-nickel 
steels can be readily welded if due attention is given to 
certain important factors. 

Austenitic chromium—nickel steels combine the 
properties of corrosion resistance, scaling resistance, 
ease of fabrication, and favourable mechanical 
properties at low and at relatively high temperatures. 
In industries where resistance to corrosive media is 
required, or where complete freedom from contamina- 
tion is essential, these steels are widely used. The 
selection of materials for such plant must receive care- 
ful attention on the basis of service conditions, ease of 
fabrication, cost, and availability. Austenitic stainless 
steels are sensitive to certain impurities and conditions, 
which cannot always be simulated by laboratory tests. 
This point can be effectively illustrated by the following 
examples. 

A storage vessel for 99°, concentrated nitric acid, 
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fabricated in 18-8 titanium-stabilized stainless steel, 
developed serious leakage adjacent to one circum- 
ferential seam after three years’ service. Examination 
revealed severe grooving attack at a distance of } in. 
from the weld, on one side only, on the bottom section 
of the vessel, as shown in Fig. 3. It was proved that the 
titanium/carbon ratio for the unaffected material was 
7:1, whereas the severely corroded material had a 
ratio of 4:1. In a paper by Heeley and Little* it was 
shown that an 18-8 titanium steel with a titanium 
carbon ratio of 7:1, or alternatively a niobium-stabi- 
ilized 18-8 steel, gave superior resistance to grooving 
and knife-line attack in contact with concentrated 
nitric acid. Selected compositions with a_ specific 
titanium/carbon ratio are now available for service 
where concentrated nitric acid is involved. 

Rectangular tanks for de-rusting steel components 
in phosphoric acid solution (15°, by volume) at 
120-160°F were fabricated in titanium-stabilized 18-8 
stainless steel. In service, the concentration and 
temperatures were not strictly controlled, and in 
addition a black scum formed during operations was 
allowed to collect at the corners and sides of the tank. 
The latter shielded the stainless-steel surfaces and 
caused local breakdown of the protective oxide film, 
resulting in severe pitting and selective attack as 
shown in Fig. 4. These tanks failed in less than 
six months, but replacement tanks made in molyb- 
denum-bearing 18-8 stainless steel gave satisfactory 
service. 

Thorough cleanliness is vital through all stages of 
fabrication of stainless-steel plant. A dangerous 
source of corrosion is the embedding of iron particles 
in the surface of the steel, which may occur during 
rolling and assembly, or be caused by heavy contact 
with steel dies during forming, by the use of iron- 
bearing grinding or polishing materials, or by the 
inadequate removal of welding slag. These are sources 
of pitting, corrosion, and contamination in service. A 
useful control method for vessels where iron-free 
surfaces are vital is the application of the ferroxyl test. 

The application of the principles of good welding 
design to the fabrication of stainless-steel plant will 
ensure that distortion is kept to a minimum in a 
material with a high coefficient of expansion and low 
thermal conductivity. In addition, sharp corners and 
crevices will be avoided, joints will be accessible, and 
economic welding techniques will be able to be 
applied with the process most suited to the require- 
ments. The welding processes in general use for stain- 
less steel are the argon-arc, inert-gas metal-arc, and 
metal-arc processes. 

The argon-are process, originally developed for the 
welding of aluminium, is generally used for welding 
stainless sheet materials from 20 s.w.g. to # in. thick. 
Suitable backing devices are used to maintain an 
argon shield on the underside of welds wherever 
possible. Square butt joints are satisfactory up to 
§ in. thick, after which prepared joints are necessary. 
For butt welding of tubes, a highly successful tech- 
nique is fully or partly to purge the inside of the tube 
to be welded with nitrogen or argon at a small flow 
rate. Using such techniques, fully penetrated welds can 
be made with clean internal and external surfaces. 
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Fig. 6—Stainless-steel road tanker for bulk transportation of 
acetaldehyde 


Another application of this technique that is worthy of 


mention is the fabrication of heat exchangers for the 
welding of tubes into tubeplates after alight expanding. 
The argon shroud prevents loss of elements in the 
weld metal, and if clean conditions are maintained 
welds of high quality are obtained. 

Inert-gas metal-arc welding was a logical develop- 
ment of the argon-arc process. Although extensively 
used for the welding of aluminium, it has been more 
cautiously applied to the welding of stainiess steels. 
The equipment and principles of operation have been 
detailed in existing literature. The process is used for 





Fig. 7—Liquid-nitrogen storage vessel 
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Fig. 8—Inert-gas metal-arc welding of stainless-steel bulkhead 
welding material thicknesses greater than ¥ in. High 
metal-deposition rates, the need of little inter-pass 
cleaning because of the absence of weld slag, excellent 
penetration, and low distortion are some of the 
advantages obtained. Positional welding of stainless 
steels is rather difficult. 

The metal-arc process accounts for the bulk of the 
welding of stainless steels. The lower economical 
range of application is from 14 s.w.g. and thicker. 
Electrodes are available for the various grades of 
stainless steel, and considerable improvements have 
been made in their positional welding characteristics 
and radiographic soundness. It is essential that 
electrodes are stored under controlled conditions of 
temperature and humidity. Thermostatically con- 
trolled drying ovens on the shop floor ensure that 
thoroughly dried electrodes are used. Electrodes 
should be clearly colour-marked to distinguish the 
various types, and their issue showld be controlled by 
competent personnel. 

Stainless-steel weld-metal composition must be care- 
fully controlled. The cast weld structure usually con- 
tains more ferrite than the parent plate. This ferrite 
content is important in preventing cracking, which 





Fig. 9—Stainless-steel fillet welds made with inert-gas metal-arc 
process 
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occurs in fully austenitic welds. Control is exercised by 
balancing the amount of austenite formers (carbon, 
nickel, and manganese) and the ferrite formers 
(chromium, molybdenum, silicon, and niobium). 
Titanium is generally used to stabilize the carbide in 
parent material, but owing to the rapid oxidation of 
titanium in the welding arc, niobium, being more 
stable, is used to stabilize the weld-metal carbide, to 
give a niobium/carbon ratio of 10:1. A simple magnet 
can serve as a useful guide to the presence or absence 
of ferrite. 

Joint preparation and fit-up are very important 
factors. Typical weld preparations for the argon-arc, 
inert-gas metal-arc, and metal-arc processes are shown 
in Fig. 5. Attention must be paid to the high degree of 
expansion and contraction, and also the reduced 
penetration of stainless-steel electrodes for metal-arc 
welding. Wherever possible, machined preparations 
are preferred. In jobbing work, close-pitched tack welds 
are used to obtain rigidity in assembly. The quality of 
these tack welds should be of the highest order. Allow- 
ances must be made for joints which are to be polished 
after welding, so that sufficient weld metal is deposited. 

In practice, many vessels involve a combination of 
the welding processes, in order to utilize fully the 
advantage of each. Figure 6 shows a bulk transport 
road tanker for carrying acetaldehyde, fabricated in 
}- and j-in. thick titanium-stabilized 18-8 stainless 
steel, welded complete by the metal-arc process. The 
tank is lagged with Onazote and covered with 18 s.w.g. 
aluminium sheet. Figure 7 shows a liquid-nitrogen 
storage vessel, designed on the use of stainless steel for 
the storage vessel and fittings, with a mild-steel jacket. 
The insulation is by means of both powder and vacuum 
in the space surrounding the inner vessel, the result 
being that both radiation and conduction losses are 
reduced to a minimum. The air pressure in the jacket 
is about 0-1 mm Hg, and tests conducted on a 300- 
gallon tank showed an evaporation of only 0-66 °,, i.e. 
approximately two gallons per day. The rate of air 
leak into the jacket is negligible, and it is not necessary 
for a vacuum pump to be in constant use. Stainless 
steel, with its low thermal conductivity and good 
impact properties at —196°C (of the order of 30 ft-lb), 
is well suited for such applications. Metal-arc welding 
is used for the stainless-steel vessel for all joints other 
than the closing circumferential seam, which is argon- 
arc welded using nitrogen as the backing gas. The 
stainless-steel coils and fittings are also argon-arc 
welded. The metal-arc and automatic submerged-arc 
processes are used to weld the mild-steel jacket. 

Figure 8 shows an interesting fabrication in 18-8 
molybdenum steel. This comprised a {-in. thick base 
plate formed in three sections, cut from plate by the 
iron-powder cutting process. Rings, stiffening ribs, 
gusset plates, and pads were to be welded to the base 
plate, 80°, of these being on one side of plate. The 
stiffening ribs were pre-set and metal-arc welded as 
sub-assemblies, using a balanced welding technique 
with two operators, one on each side. The butt welds 
in the base plate had a double-V preparation, with 
unequal V’s of 70° and 90°, and were inert-gas metal-arc 
welded using 4-in. dia wire. Six runs were required to 
complete each butt weld, as against ten runs for metal- 
arc welding, which, together with increased welding 
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speed and the small amount of interpass cleaning 
required, gave an overall saving in labour of approxi- 
mately 300°. Distortion was also minimized. When 
the assembled fabrication was presented for welding, 
the base plate was pre-set by clamping on a mani- 
pulator, and a welding sequence was applied to distri- 
bute the heat uniformly. Wherever possible the inert- 
gas metal-arc process was used. After welding the 
fabrication was stress-relieved at 950°C, care being 
taken to avoid the formation of sigma phase and also 
to maintain the shape. Figure 9 is a further illustration 
of the effective use of the inert-gas metal-are process 
for fillet welds. Figure 10 shows a large stainless-steel 
vessel in which all the internal welds were made by the 
argon-arc process, and the external welds by the 
metal-arc process. The internal surfaces of the vessel 
were ferroxyl tested to ensure freedom from iron 
contamination. 

There are many cases in the fabrication of industrial 
and chemical plant where mild-steel components have 
to be joined to austenitic stainless steel. The use of a 
mild-steel electrode would cause sufficient pick-up of 
alloys from the stainless steel to produce air-harden- 
ing, brittle compositions which are susceptible to 
cracking. A stainless-steel electrode must be used 
having sufficient alloy content to counterbalance 
dilution by the mild steel. A general-purpose electrode 
used is a molybdenum-bearing type, with the nickel, 
chromium, and molybdenum contents adjusted to give 
a small percentage of ferrite in the weld structure. 
Electrodes of the 25-12 and 25-20 chromium-nickel 
type can be used where high ductility is required. For 
heavy strength joints, a ‘buttering’ technique, using 
25-20 electrodes, can be adopted, the joint being 
completed with the molybdenum-bearing electrodes. 

Where mild-steel fittings are attached to the outside 
of stainless-steel vessels, it is essential, for vessels with 
wall thickness of 10 s.w.g. or less, that a stainless-steel 
doubler plate is welded to the vessel, using the appro- 
priate electrodes, on to which the mild-steel fitting can 
be welded using the general-purpose molybdenum- 
bearing electrode. This technique eliminates the 
danger of areas of reduced corrosion resistance, which 
could be produced if a mild-steel fitting were welded 
direct to the vessel wall and burn-through occurred. 
In addition, the distortion effects are dispersed over a 
wider area. 

Similar problems arise in the fabrication of plant in 
austenitic stainless-clad mild steel, which demands 
careful design and welding procedure. The welding of 
clad steels was covered in detail in a paper by Hinde.*® 
By applying the following general principles, satis- 
factory results are obtained: 

(i) Give careful attention to the alignment of plates and 

correct fit-up 

(Ci) Wherever possible weld from the mild-steel side first 

(iii) Avoid uncontrolled intermixing of stainless and mild 


steel. Use a highly alloyed electrode, e.g. 25-20 chromium- 
nickel for the first run on the clad side 


(iv) Ensure continuity and matching composition of the 
cladding material. 


NICKEL AND NICKEL ALLOYS 


Nickel-base materials find many applications in the 
chemical and process industries. Nickel is particularly 
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Fig. 10—Stainless-steel process vessel 


resistant to the action of caustic alkalis. Monel is 
resistant to attack by non-oxidizing acids, and to a 
wide range of salt solutions and halogen compounds. 

Nickel has a great affinity for sulphur when heated 
to temperatures greater than 400°C, with the formation 
of a brittle, intercrystalline compound which reduces 
cohesion leading to cracking. Lead, phosphorus, and 
low-melting-point metals and alloys will also give 
similar effects. It is therefore essential to remove all 
traces of oil, grease, paint, or other sulphur-bearing 
material from the area of heating or welding. De-greas- 
ing followed by stainless-steel wire-brushing for a 
distance of | in. on either side of the weld joint is an 
effective practice. Monel is not so sensitive as nickel to 
sulphur contamination. 

Metal-are and argon-arc welding are the processes 
in general use for the welding of nickel and Monel for 





Fig. 11—Porosity in argon-arc weld in nickel 
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Fig. 12—Metal-arc welding internal seams in a nickel vessel 


industrial and chemical plant. Electrodes are now 
available which give weld metal free from porosity and 
hot cracking, if the electrodes are re-baked prior to 
use, a short arc is maintained, high currents and fast 
welding speeds avoided, and thorough cleanliness 
maintained at all stages. Some practice is required by 
good welders to produce quality welds. Distortion 
produced by welding is similar to that obtained in 
mild-steel welding. 

Until recently, argon-arc welds in nickel and Monel 
were susceptible to porosity. Figure 11 shows the 
extent of porosity which can occur in such welds. 
Research into filler-wire compositions led to the 
development of wires deoxidized with titanium and 
aluminium which were effective in producing radio- 
graphically sound welds, provided a careful technique 
was employed. The are should be kept as short as 
possible, the tungsten electrode extension beyond the 
shroud should be a minimum, and the addition of filler 
wire should be uniform and comprise at least 50°, of 
the weld pool. Particular attention should be given to 
the finishing of weld craters. Reference should be 
made to a paper by Hinde and Thorneycroft.® 

A 3000-gallon road tanker for the bulk transport of 





Fig. 13—-Mild-steel mounting welded to nickel vessel 
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Fig. 14-— Nickel road tanker for bulk transport of pure phenol 


pure phenol was recently fabricated in welding-grade 
‘A-T’ nickel. The shell, doubler straps, branches, and 
flanges were welded by the metal-arc process (see 
Fig. 12). The metal-arc welds between the nickel 
doubler straps and the rigid mild-steel mounting were 
made with a low-carbon nickel electrode. Figure 13 
shows the mounting assembly. The butt welds in the 
U-shaped steam heating coil 21 ft 9 in. long 3 in. dia 

12 s.w.g. wall thickness were argon-arc welded 
using the following technique 


Weld preparation: Close butt joint, no chamfer, nitrogen 
ching 

Argon flow l6fth 

Nitrogen flow Si'h 

Welding irrent 1OO-1LIO A 1c.) 

Filler w i4s.w.g. “6l’ nickel 
The welds wv fully radiographed using double-wall 
technique and were entirely sound. The completed 
road tanker, lagged with fibreglass and covered with 
18 s.w.g. aluminium sheet, is shown in Fig, 14 


ALL MINILM AND ALUMINIUM ALLOYS 


Aluminium and aluminium alloys combine the 
propert of lightness, reasonable strength, and in 
herently good corrosion resistance by virtue of the 


natural oxide film. The development of the argon-arc 
and inert-gas metal-arc processes has resulted in in 
creased demand for aluminium for plant in contact 
with concentrated nitric acid, fatty acids, certain 
organic acids, resins, foodstuffs, and many other sub 
stances. The inert-gas processes have eliminated the 
severe distortion problems encountered with gas 
welding and the problems of flux removal 
Aluminium of 99” 99-5". and 99-8". purity 
aluminium-—manganese alloy, and the non-heat-treat 
able aluminium—magnesium alloys are considered to 
be readily weldable, but although considerable pro- 
gress has been made in the welding of the heat-treat 
able alloys, certain difficulties still arise. In a paper by 
Gardner and Peake’ the weldability of aluminium 
alloys suitable for chemical plant is tabulated. Butt, 
fillet, lap, tee, edge, and corner joints can be applied to 
design in aluminium, Butt welds are widely used in the 
design of plant for the chemical and process industries. 
The essential factors which affect the quality of welds 
in these materials are absolute cleanliness of the weld 
joint and filler wire, sufficient argon coverage, removal 
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Fig. 15—-Nitric acid storage vessel in 99-8", pure aluminium 


of oxidized surfaces by chipping out the underside of 
weld joints, filler-wire selection, and joint fit-up 
Argon-arc welds correctly produced are of high quality 
and finish; the inert-gas metal-arc process, although 
possessing advantages of speed, increased penetration, 
and reduced distortion, imparts to the welds in general 
a somewhat inferior quality and finish. Particularly 
successful results have been achieved with the inert- 
gas metal-are process for the welding of heel and toe 
joints on baffle and division plates in bulk transport 
vessels. These welds can be made in all positions with a 
speed which virtually eliminates distortion 

[he argon-are process is primarily used for welding 
the thinner sections, short runs, components involving 
frequent changes in section and shape, and tubes and 
pipes. The inert-gas metal-are process is not generally 
used for thicknesses less than 4 in., but is effective for 
thicker sections and continuous welds, in particular 
for fillet welds, Both processes can be adapted for 
semi-automatic or fully automatic operation. A nitric 
acid storage vessel 30 ft long « 9 ft dia. « 4 in. thick, in 
99°8° purity aluminium, which was welded primarily 
by the inert-gas metal-are process, is shown in Fig. 15 
An example of the application of aluminium alloy 
(NP.5/6) in bulk transport vessels (Fig. 16) is a triple 
hopper unit used for the bulk transport of flour or 
cement, Each hopper consists of a cylindrical section 
) ft 6 in. dia. and 2 ft 6 in. high, rolled from }-in. thick 
plate and having a dished top and conical base in j-in 
thick plate. The frames for the manholes were cast in 
LM.6. In mounting the hoppers, aluminium-alloy 
mild-steel joints were given the appropriate bimetallic 





Fig. 16-——Triple hopper unit for bulk transport of flour or cement 
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insulation. Most of the welding was carried out by the 
inert-gas metal-arc process, but the small components 
were welded by the argon-arc process using NG.6 
filler wire. 

In considering the materials in general use for the 
fabrication of industrial and chemical plant it must not 
be forgotten that many new materials are being 
developed, with properties related to mere severe 
operating conditions or which offer advantages over 
existing materials, Materials such as titanium, 
zirconium, improved alloy steels and non-ferrous 
alloys, plastics, and many others are being applied in 
many branches of industry. Weldability is an import- 
ant factor in this development work. By the applica- 
tion of basic welding principles, by the use of closely 
controlled techniques, and by taking advantage of new 
methods, plant and equipment fabricated by welding 
to very high standards can be achieved 
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Welding ot 
Cupro-Nickel and Aluminium-Bronze Alloys 
By C. A. Terry, B.Sc., and E, A. Taylor, B.Sc., A.M. 


SYNOPSIS 


le weldability of both groups of alloys is discussed in terms of their metallurgical characteristi: 


In dese ribing the applic ation of a variety of we Iding processe 


to these materials, the special merits 


of the inert-gas shielded-are methods are emphasized, but attention is drawn also in cupro-nickel 


alloys to recent deve lope nts in metal-are and vas we Iding prac tice 


The welding of the aluminium bronzes of current interest is described, with particular reference 


to the alloy to specification A.S U.M. Bigt Type 
account is 
cracking and weld-root embrittlement 


ably occurs below the 


given of investigations into two problems which have been reported, namely, 
The results have indicated that hot cracking, 


solidus in aluminium bronzes 


dD, and, following a review ol previou vork, an 


hot 
which prob 
, IS not 4 serious proble m, The 


causes of root 


embrittlement that occurs in single phase allovs have not been defined, but the evidence availabl 


tends to discount the theory that inter-crystalline 


It is concluded that sound, strong we lds can be 


the aluminium bronzes particular attention must be paid to welding procedure 


necessary to establish the precise Causes and me 


hot cracking in aluminium-bronze alloys, 


Introduction 


LUMINIUM-BRONZE and cupro-nickel alloys are 
A well-established materials with corrosion-resist- 
ant properties of particular value in the marine 
and chemical engineering fields. The increasing 
severity of service conditions in chemical plant has led 
to wider use of aluminium-bronze alloys, particularly 
in sea-water environments, and currently there is much 
interest in the complex alloys specified in terms of the 
A.S.T.M. Codes, for example A.S.T.M. Type D. 
Cupro-nickel alloys find wide use in marine and 
other condenser plant where service conditions are 
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gamma, films are responsible 
produced in both groups of alloys, although wit! 


Further work i 


chanisms of the reported root embrittlement and 


onerous, and greater use is being made of welding in 
fabricating these items. Moreover, a94-5—1, Cu-Ni-Fe 
alloy finds use for sea-water trunking, equipment 
which is fabricated universally by welding. 

In this paper the characteristics of these alloys are 
considered in relation to their weldability, and the 
processes applicable to joining them are outlined, 
Various problems encountered are discussed in terms 
of laboratory evaluation, and details are given of 
preferred welding preparation, choice of filler rod, 
welding conditions, and properties of joints. 


CUPRO-NICKEL ALLOYS 
Factors affecting Weldability 
Metallurgical—In wrought form the binary cupro- 
nickel alloys consist entirely of single-phase alpha solid 
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Fig. 1 Transverse section through weld illustrated in Fig. 2 
showing distribution of porosity 100 


solutions, and the small intentional additions of tron 
and manganese which are often made to increase 
corrosion resistance have little effect on micro 
structure. However, with the cooling rates normally 
encountered in practice, weld-metal structures are gen- 
erally cored, Cupro-nickel alloys are slightly suscept- 
ible to-hot cracking at elevated temperatures, particu- 
larly if the components to be welded are subject 


to a high degree of restraint. The risk of cracking 
is considerably increased by the presence of certain 
impurities, of which sulphur, lead, and phosphorus are 
t significant. In this respect the behaviour of the 
ipro-nick ; similar to that of pure nickel 
Manufacturers of cupro-nickel alloys are aware of 
the delet fects of the impurities mentioned, for 
hey cau fliculty in hot- and cold-rolling practices, 
ind spec ling techniques are adopted to restrict 
mpurity to within safe limits. It is relevant to 
point oul at the care taken at the manufacturing 
ta i! nullified by careless handling during sub- 


rication, for surface contamination by 
ur and lead can result from residues of oil, 
paint films, and these can cause difficulty in 
perations 


Physical Properties—The thermal diffusivity of 
cupro-nickel alloys is small (Table I) and thus high 
rates of heat input are not required for welding. In 


addition, the mean coefficient of thermal expansion of 


these alloys is intermediate between that of copper and 
mild steel, and allowance must be made for thermal 
strains when welding procedures are worked out, so 
that excessive distortion or even cracking may be 
avoided 

Gas Porosity—l\t is well known that when it is 
molten, nickel is capable of dissolving a considerable 
quantity of gas which, when rejected on freezing, may 
give rise to porosity. This problem is also encountered 
with cupro-nickel alloys, although to a lesser extent 
Care is therefore required with all fusion-welding 
processes to ensure that hydrogen and oxygen are not 
absorbed in the weld pool; these gases can arise from 
water vapour present in the oxy-acetylene flame, in 
electrode coatings, and in the argon used for inert-gas 
shielded-arc welding. However, as is demonstrated 
later, weld porosity is most effectively controlled by 
the use of specially alloyed filler materials 


Inert-Gas Shielded-Arc Welding 

The inert-gas shielded-arc processes are now so 
well known that it is not proposed to discuss details of 
equipment. In view, however, of the increased flexi- 
bility in design which the newer processes permit, they 
have been considered first, although it is not meant to 
imply that the traditional processes are without merit 

irgon-Arc Welding—Autogenous argon-are welds 
made in all cupro-nickel alloys with either alternating 
or direct current are invariably porous, although the 
external appearance is usually quite satisfactory. The 
extent and distribution of the porosity that occurs is 
illustrated in Figs. | and 2. To overcome this problem, 
special filler alloys containing small amounts of 
powerful deoxidants, such as titanium or aluminium, 
were therefore developed. Use of these fillers enables 
sound welds of high strength to be produced with 
either an a.c. or d.c. arc--compare, for instance, 
Figs. 3 and 4 with Figs. | and 2. Because of dilution, it 
is essential to add sufficient filler metal to deoxidize 
the weld pool. With butt joints, a given volume of weld 
metal should contain at least 50-60 °,, of filler material 





hig. 2--Radiograph of autogenous argon-arc weld in 94-5 


1 Cu-Ni-Fe alloy showing severe weld-junction porosity 





Fig. 3—Radiograph of urgon-arc weld in 94-5—-1 Cu-Ni-Fe alloy using special filler containing aluminium 
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Fig. 4-Weld junction of 94-5-1 Cu Ni-Fe alloy using special 
filler containing aluminium 100 


Square edge preparations are satisfactory for argon- 
are welding sheet up to § in. thick; with thicker sheet, 
however, edges should be chamfered to give an in- 
cluded angle of 60°, while, with material } in. thick and 
upwards, a root face of 4 in. should also be provided. 
With plate exceeding about } in. thick a U-preparation 
is often preferred, since its use enables good inter- 
fusion to be achieved with the first pass. Before weld- 
ing commences, edges to be joined should be scrup- 
ulously free from oxide, grease, and other contam- 
inants for the reasons already mentioned 

As with the welding of other materials, provision 
must be made to allow for contraction during welding; 
for butt welds this can be achieved by either taper 
spacing or by tack welding. To control the extent of 
penetration during welding, a backing strip of miid 
steel or copper is used 

Precise details of welding conditions depend on the 
arrangement of jigs, clamps, and backing bars. In 
general, however, the data listed Table Il may be 
used as a guide 





tw 
w~ 


Table I 
THERMAL DIFFUSIVITY OF SOME CUPRO-NICKEL 
AND ALUMINIUM-BRONZE ALLOYS 





Material | Thermal Diflusivity, 
| cm/sec 
94-5-1, Cu-Ni-Fe 0-17 
80-20 cupro-nickel 0-11 
70-30 cupro-nickel 0-087 
90-10 aluminium-bronze 0-18 











Typical mechanical properties of argon-are welds in 
the alloys under discussion are also listed in Table II 
together with details of the properties of wrought and 
annealed stock for comparison. Study of these results 
emphasizes the marked improvement which attends 
the use of the special filler materials. Variation in the 
mechanical properties of autogenous joints appears to 
be associated with the distribution of gas pores in the 
weld bead, fine general porosity having less overall 
effect than gross localized blow-holes 

Inert-Gas Metal-Arc Welding—Much of the in- 
formation already provided is applicable to the inert- 
gas metal-arc process, and in this section only major 
differences in practice are discussed. It has been 
established' that autogenous welds in cupro-nickel 
alloys made with this process contain variable amounts 
of porosity of a similar order to that encountered in 
argon-arc welding (see Fig. 2). However, the measures 
adopted for overcoming this defect in argon-are welds 
are equally effective for inert-gas metal-are welds and 
porosity can be eliminated by using similar filler 
materials to those already described (Fig. 5) 

An important difference between the two processes 
concerns the range of thicknesses for which each is 
suitable. With manual argon-arc welding, sheet from 
about 18 s.w.g. to plate } in. or 4 in. thick can be 
joined with standard equipment, but use of the inert 
gas metal-arc process is confined at present to material 


thicker than # in. With sheet of up to } in. thick 





Table Il 
BUTT WELDS IN CUPRO-NICKEL ALLOYS USING THE ARGON-ARC PROCESS 
| | Mechanical Properties 
Sheet Welding Welding 
Material Thickness, Filler Alloy current (d.c.), | Speed, U.T.S., Elongation, | Bend Test, 
in 1 in, min tons in*® ,on 2in R= 2 
94-51 copper A 120 6 | 15~17 1-9 120 
nickel-iron 94-51, Cu-Ni-Fe | 
| 310 | 4 | 16-1775 | 14-18 120 
4 120 10 «=| (20 | 20-22 180 
94-5-1, Cu-Ni-Fe 
j 05° Al 330 5 | 19-195 | 28-40 180 
| 
70-30 cupro th 130 | 12 | 17-23 9-17 Failed 
nickel 70-30 cupro-nickel 
| 360 5 17-19 | 9-11 | 135 
A | 130 10 26-27 | 40-48 180 
10-30 cupro-nickel 
| | O-S°, Al 300 | 4 25 35 180 











Mechanical properties of cupro-nickel alloys in the annealed condition: 


94-5-1 copper-nickel-iron 19 tons/in’, 40% elongation 


70-30 cupro-nickel 
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24 tons/in', 50% elongation 
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Table HI 
BUTT WELDS IN CUPRO-NICKEL ALLOY PLATE 0:250-in. THICK USING THE INERT-GAS 
SHIELDED METAL-ARC PROCESS 





Material Filler Wire Welding 
current, A 
94-51 copper- 94-5—1 copper-nickel- 340 
nickel-iron iron +0-5°, aluminium 
80-20 cupro- | 80-20 cupro-nickel 275 
nickel 
80-20 cupro-nickel 275 
| co 
| 0-5°. aluminium 
70-30 cupro- 70-30 cupro-nickel 290 
nickel 
70-30 cupro-nickel 290 
0-5°, aluminium 





Wire Mechanical Properties 

Are Speed, | No - ee 
Voltage, 4 | in. min ofruns| U-.T.S.,_ | Elongation, 

| | tons in® *, on 2 in. 
22 | 195 19-20 | 26-28 

| | | 
24 175 l | 20-21 24-31 
24 | 160 2 20-21 | 50 

| | 

| | 
26 a 22-24 | 19 32 
28 oe ae a 24-25 | 36-39 








standard edge preparations, as already described, are 
generally adopted, but for thicker material a single-U 
preparation with a }-in. root face is preferred. Dimen- 
sions of the welding groove should be such that each 
weld run can bridge the gap without the need for 
weaving. This procedure permits much closer control 
of weld-bead contours between successive runs and 
avoids almost entirely the risk of cavitation. Very high 
rates of welding can be achieved with this process, 
which is particularly useful in fillet welding. For butt 
welds, however, backing bars are desirable to control 
the extent of penetration on the first run. 

One outstanding merit of the process is that vertical 
ind overhead welds can be produced. However, satis- 
factory positional welding demands that the weld pool 
should be maintained as small as possible consistent 
with obtaining adequate fusion, and this entails the 
of 0-045-in. dia. filler wire in preference to the 

vire normally employed in downhand welding. 
The mechanical properties of joints made under the 
onditions defined approach those of the appropriate 

irent stock in the annealed condition. Some typical 
results are listed in Table III 
Metal-Arc Welding 


Because of the lack of interest in the welding of 


cupro-nickel alloys containing less than 50°, nickel, 
coated electrodes for each individual alloy have not 
been generally available until recently, and Monel 
electrodes have been widely used. Core wires for the 


latter electrodes are specially manufactured and con- 
tain added elements to eliminate porosity and other 
undesirable features. With these additions the strength 
of the filler alloy overmatches the mechanical proper- 
ties of the parent metal in the annealed condition and 
moreover the high melting point of the filler material 
can lead to manipulative difficulties. To some extent 
the situation has been remedied by the introduction of 
70-30 cupro-nickel alloy electrodes known as ‘Inco 
137’, although as far as is known this electrode is not 
yet generally available in Britain. Recent work aimed 
at developing a wider range of suitable electrodes has 
established that the filler materials that have proved 
suitable for inert-gas metal-arc welding can also be 
used as core wires for electrodes* and such electrodes 
are in course of development. Preliminary experiments 
with these electrodes have given very encouraging 
results. 

Edge preparations for metal-arc welding cupro- 
nickel alloys are similar to those already described for 
argon-arc welding except that when a chamfer is 
required a somewhat larger included angle, namely 
75°, is adopted. 

Electrodes are invariably used with direct current 
and reverse polarity. It is essential to maintain as short 
an arc as possible, and the welding current must be 
carefully controlled to avoid spatter. For welding 





* Murex Welding Processes Ltd., Waltham Cross. 























Table IV 
BUTT WELDS IN CUPRO-NICKEL ALLOYS USING THE METAL-ARC PROCESS 
Mechanical Properties 
Sheet No. of Welding | $$$ —_____— 
Vaterial Thickness, Edge Preparation | runs current, A | Electrode | U.T.S., | Elongation, 
in, tons/in® | °%on2 in. 
i : 
| “Tt . : a ee er 
94—5—1 copper- A | Square edge, ;y-in. root gap l 130 Monel 20-2-20-4 36-39 
nickel-iron } i . “ , ao = ’ | - 
| j | Square edge, y4-in. root gap 4 160 Monel | 19-8-20-0 33-34 
er 7-".UES OS EP Eee Bae 8 
70-30 cupro-nickel* | ts | Square edge | 1 42-45 Inco 137 21-5-22°8 27-64 
| + | Square edge 1 70-75 Inco 137 | 23-9-25-6 | 30-54 
* E. G. West: “Welding of Non-ferrous Metals”, Chapman and Hall 
BRITISH WELDING JOURNAL MAY, 1958 
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Table V 





Sheet | 
Vaterial | Thickness, 
in. 


Filler Material 


94-5-1, Cu-Ni-Fe 94-5-—1 copper-nickel-iron 


} 
} | = ~ 
i | 94-5-—1 copper-nickel-iron 


| 80-20 cupro-nickel 
| Special 80-20 cupro- 


nickel 


80-20 cupro-nickel | is 





BUTT WELDS IN CUPRO-NICKEL ALLOYS USING THE OXY-ACETYLENE PROCESS 


U.T.S.., Elongation, Bend 





tons in® °% on 2 in. R=21 Remarks 

16-19 16-28 | 180 Some internal porosity 

15-16 12 130 Some internal porosity 
Fractured 

13-14 7-8 90 Some internal porosity 


| Fractured 





13-17°5 9-14 | Failed 
19* 37* | 180 
20 38 «= |_Ss«180 











* Weld reinforcement removed before testing 


material up to jj in. thick, single-pass welds can be 
made but with multi-run welds special care is required 
to remove completely all traces of slag between runs, 
if good mechanical properties are to be achieved. 
Typical mechanical properties of joints made using 
metal-arc electrodes are listed in Table IV. 
Gas Welding 

Hitherto, autogenous gas welding of binary cupro- 
nickel alloys has been recommended only for the join- 
ing of thin sheet up to about 4 in. thick because of the 
risk of porosity. A fair degree of skill is required to 
produce satisfactory joints even in this thickness, and 
close attention to welding technique and selection of 
suitable fluxes is required. A neutral or slightly reduc- 
ing oxy-acetylene flame is generally used with the left- 
wards technique. Flame adjustment must be such 
that welding can proceed fairly rapidly without over- 
heating the material, and if a filler is used care must be 
taken to keep it within the protective envelope of the 
flame. Boron is undesirable in fluxes for cupro-nickel 
alloys, as it tends to form a brittle eutectic alloy at the 
edges of the weld and at the joint interfaces. There are 
several efficient proprietary fluxes available and one of 
these should always be used, since inactive or unsuit- 
able fluxes make manipulation difficult and give rise to 
rough weld-bead surfaces. No special edge preparation 
is required for the gauges of sheet under discussion, 
and close square butt welds are usual. Special care 





























must be taken to ensure that sheet edges are free from 
dirt and grease and that they are prefluxed. The 
practice of picking up extra flux by dipping the heated 
end of the filler into the flux mixture is not recommended. 
Recent work has indicated that the use of special 
cupro-nickel filler rods containing small amounts of 
powerful deoxidants considerably improves weld 
quality, and although available data are limited, the 
use of these fillers may well extend the range of thick- 
nesses for which gas welding is applicable. Mech- 
anical properties of butt welds are set out in Table V. 


ALUMINIUM BRONZES 

The aluminium-bronze alloys of industrial import- 
ance contain aluminium in the range 5—11°. Other 
alloying elements include iron, nickel, and also 
manganese, which is sometimes present in consider- 
able proportions. Wrought materials comprise alpha- 
alloys containing up to 8°% aluminium and the duplex 
alpha-+-beta-alloys with aluminium contents between 
8 and 11°. Cast alloys are invariable duplex and gen- 
erally contain between 9 and 11% aluminium. Al- 
though binary alloys are available—for example 
93-7 aluminium bronze—complex alloys, i.e. those 
containing iron and nickel, are becoming increasingly 
important in chemical and marine applications be- 
cause of their. greatly improved strength and resist- 
ance to corrosion in sea water. The compositions of a 
number of alloys of interest are given in Table VI. 
Some of these, notably Alloys D and E, are of American 


























. a eee 5 Sank origin and are specified in A.S.T.M. B171/52. Table VII 
COMPOSITIONS OF VARIOUS ALUMINIUM gives the permissible design stresses for various 
BRONZES temperatures. 
Specifications Element, °% Table VII 
- “- TENSILE PROPERTIES OF PLATE MATERIALS 
Cu Al Fe Ni Mn 
A.S.T.M. Minimum 
Alloy A 92-96 | 4-7 0-5 Plate Material | Specification,| Maximum Allowable Stress 
Alloy C 90-93 | 7-9 0-5 Annealed lb in® Value, lb/in® 
Alloy D 88-92 | 6-8 1-5-3-5 
Alloy E 78-85 | 8-11 | 1-5-3-5 | 47 | 0-5-2-0 Tensile| Yield | 400°F | 450°F | 500°F | 700°F 
D.T.D.197 rem. | 8-11 46 4-6 | not more ——--—--—} - |---| — ——|—- -—]|-——-— 
than 2-5 70-30 Cu-Ni 50,000} 20,000) 11,700) 11,300) 11,000) 9000 
D.T.D. 164A rem. | 9-10 | 0-05-2-5 3 Al-Bronze D 70,000} 30,000} 14,500) 12,000} 10,000 ~ 
Superston 40 74°66 | 6°34 2-41 2:07} 13-33 Al-Bronze — ass 36,000 senah 13,500} 12,000} 6000 
MAY, 1958 BRITISH WELDING JOURNAL 
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Fig. 5—Weld junction in 70-30 cupro-nickel made with 70-30 
cupro nickel+0-5°, Al filler wire and using the inert- 
gas metal-arc process «100 


Factors affecting Weldability 

Oxide Films—The attractive corrosion-resistant and 
high-temperature scaling-resistant properties of alu- 
minium bronze are conferred by the presence of 
tenacious surface oxide films, which consist essenti- 
ally of aluminium oxide, an extremely refractory 
material insoluble in most fluxes. This feature was 
responsible for the formidable welding difficulties the 
material presented before the advent of the inert-gas 
shielded-arc processes, although some progress was 
made in gas and metal-arc welding practice. 
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Fig. 6—Copper—aluminium equilibrium diagram 
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Fig. 7—Section of Cu-Al-Fe equilibrium diagram parallel to 
Cu-Al side (after Yutaka) 


As is well known, with inert-gas shielded-are pro- 
cesses, the oxide film is dispersed by the action of the 
arc when it operates with the work as the negative pole. 
Since with the tungsten-are process this is not a very 
satisfactory arrangement from the viewpoint of heat- 
distribution, it is the practice to employ alternating 
current, a compromise that ensures sufficient oxide 
dispersal during welding to permit satisfactory coales- 
cence of the melted edges of the joint. The inert-gas 
metal-arc process invariably operates with direct 
current and with the work negative. Entrapped oxide 
is a common fault in gas welds, but may also occur in 
inert-gas metal arc welds if shielding is inadequate. 
Such inclusions lead to deposits of low strength and 
ductility. 


Tle 





Fig. 8—Heat-affected zone showing decomposed {-lakes in alloy D 
containing x 100 


746°, Al 
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Fig. 9—Heat-affected zone in —, D weld containing 6°6°, o Al; 
decomposed §-phase absen 100 


Constitution—The relevant portions of the binary 
copper-aluminium diagram according to Raynor? and 
a section at 3-0°% iron of the tentative diagram for the 
Cu-Al-Fe system as proposed by Yutaka® are illus- 
trated in Figs. 6 and 7. Apart from the complexity of 
the high-temperature equilibria in the ternary (omitted 
for clarity), alloys from both systems containing the 
beta-phase undergo a series of complicated and 
interesting changes when rapidly cooled to below the 
eutectoid temperature, martensitic and intermediate 
decomposition products being formed. Complex 
changes occur also in the Cu-Al-Ni system and data 
on these alloys have been reported by Cook et a/* and 
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Fig. 10—Fully-restrained butt welding of alloy D plate 


Haynes®. Such transformations play a part in determ- 
ining the properties of welded joints, for even in alpha 
alloys residual beta is commonly observed in welds. In 
particular for alloy D with an aluminium content at 
the top end of the specified range, the diagram shows 
that the beta-phase may be retained in the weld and 
heat-affected zones if cooling is rapid. In fact, beta 
areas in the heat-affected zone have been observed with 
material containing 7-46°, aluminium (Fig. 8), but 
not in material with 6-6 °% aluminium (Fig. 9)—obser- 
vations that are consistent with the diagram shown. 
The beta-phase transforms in part at 565°C to gammag, 
a hard brittle constituent which, if present in large 
quantities, can markedly reduce ductility. 

The form of the equilibrium diagram suggests that 
super-solidus cracking will not be a serious problem, 
for the temperature interval between the liquidus and 
solidus is small. It is known, however, that hot crack- 
ing does occur in the alpha alloys, being pronounced 
when the aluminium content is below 5°,. Hot cracking 
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Fig. 11—Bend-test results on tungsten-arc butt welds 
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Table VII 
COMPOSITION OF FILLER ALLOYS FOR BUTT WELDING TESTS 
Filler Alloys Elements, °, 
Cu Al Ni Fe Mn Zn | Pb Bi 

93-7 | 9300 | 651 | 0-02. O18 | 030° 002 | nd. <0-001 
Alloy D | 90-17 66 | 0-04 2-91 0-20 0-08 | <0-01 <0-001 
Alloy E | 81-26 914 | $12 2-83 1-33 0-23 | <0-01 <0-001 
Special 93-7 91-62" | 7-21 | 0-2 | O45 0-05 | nd. <0-001 
Superston | 73-5 8 3 3 12-5 

| 

n.d. = not detected * Nominal composition 


has been reported in material with an aluminium 
content as high as 7-6°%,® but the temperature of 
cracking has not been defined. 

Garriott’ showed that patch welds in alpha alloys 
cracked badly, in alpha-+beta alloys suffered only 
crater cracking, and in purely beta alloys were com- 
pletely free from cracks. However, other investi- 
gators’: *. ® have indicated that sound butt welds can 
be made autogenously in both alpha and alpha-+- beta 
alloys without difficulty. 

Minor Impurities—Unexpected hot cracking be- 
haviour in alpha 93-7 aluminium bronze, noted by 
several workers, led to a study by Rollason and Marsh 
of multi-run metal-arc welds.’ In an accompanying 
metallurgical investigation utilizing hot bend tests they 
showed that commercially available materials become 
embrittled in the temperature range 300-900°C, an 
effect which occurred in both weld metal and wrought 
material, being more pronounced with large-grained 
material. They concluded that the effect was not due 
to an irreversible metallurgical change attendant upon 
heating, for samples raised to temperatures within the 
embrittled range and cooled to room temperature were 
ductile. They concluded that the behaviour observed 
was consistent with a grain-boundary effect caused by 
trace impurities soluble at high temperatures but pre- 
cipitated at lower temperatures. 

Work with metal-are welding was continued by the 
British Non-Ferrous Metals Research Association™ 





Fig. 12—Intercrystalline cracking in special 93-7 Aluminium- 
bronze weld deposit « 100 
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who related the cracking which occurred in multi-run 
metal-arc welds in alpha aluminium bronze to the 
presence of small quantities of lead and bismuth. Hot 
impact tests confirmed that small quantities of these 
elements caused embrittlement, which was most pro- 
nounced at about 650°C. They showed that the two 
elements concerned had relatively less effect on the 
complex alpha-+-beta alloys, and that by employing 
filler alloys of high purity the cracking effects in 
welds could be eliminated. Lithium additions of up 
to 0-05°% to the core wire were shown to be effective 
in reducing weld cracking and in offsetting the embritt- 
ling effects of bismuth in the hot impact tests, although 
other problems arose when such electrodes were used 
for welding. The quantities of bismuth and lead in- 
volved are stated to be extremely small, critical values 
quoted being 0-0006 °,, bismuth in alpha and 0-0014% 
bismuth in alpha+-beta alloys, and 0-005°, lead in 
both types of alloys.'* 
Inert-Gas Shielded-Arc Welding 

Despite the assertions of published data that sound 
welds can consistently be achieved in aluminium- 
bronze alloys when using the inert-gas shielded-arc 
processes, some difficulties have been reported in the 
welding of A.S.T.M. alloy D on the shop floor, 
principally because of cracking and also by virtue of 
brittleness* which may occur in the underbeads of 
multi-run welds. It appeared, therefore, that a lab- 
oratory investigation aimed specifically at measuring 
the susceptibility of aluminium-bronze alloys to weld 
cracking and weld brittleness would give some indica- 
tion of the causes of the difficulties. To this end, 
material to Alloy D specification was obtained from 
current production and a limited welding study was 
made; the experimental details are described in the 
Appendix. 


Table IX 


NOMINAL COMPOSITIONS OF MATERIALS USED 
FOR HOT CRACKING TESTS 











Element, 

Cu Al Fe Ni | Mn Li 
Alloy D |88-92| 6-8 |1-5-35| | | Ni 
0-005 0-02 

Alloy E 78-85 | 8-11 | 1-5-3-5 | 4-7 |0-5-2 Nil 
0-005 0-02 

Superston 75 6 2:5 3 13 Nil 
0-005 0-02 
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Fig. 13—Detail of Fig. 12 


Butt welds were made with the tungsten-are process 
using the five filler compositions detailed in Table VIII. 
Three other alloys with and without small lithium 
additions, Table IX, were also fabricated into sheet 
form and subjected to a variety of hot cracking tests. 
For example, tests described by Houldcroft'* and by 
Apblett and Pellini't were made, whilst in an addi- 
tional test the sample was strained plastically as weld- 
ing proceeded. Some butt welds were also made by 
both the tungsten-arc and inert-gas metal-are processes 
the plates being positioned before butt welding by 
fillet welding to a steel jig, as shown in Fig. 10. Some 
of the test plates were back chipped and sealed before 
test pieces were cut from each plate for determination 
of mechanical properties, including reverse and 
normal bend tests. 

Lancaster and Slater® ascribed embrittlement, 
occurring in the root run of multi-run welds, to the 
formation of the gamma, phase, which can only arise 
in weld metal below the eutectoid temperature, i.e. 
approximately 565°C. Accordingly, samples cut from 
the butt welds made in }-in. thick plate were heat- 
treated in a salt bath for periods up to 8 h at tempera- 
tures ranging from 400-800°C. 
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Table X 
RESULTS OF HOULDCROFT CRACKING TEST 
Lithium content, Average length of Crack, in. 
: 93-7 | Alloy D | Alloy E \Superston 
Zero =©— || 0 | 0-79 | 063 | 1-00 
0-005* 0-48 0-37 0-56 
0-02* 0 0-25 0-07 0-22 
* Nominal additions 
Results of Welding Trials 


Butt Welds—Welds made with the five filler alloys 
detailed in Table VIII proved to be defect-free with the 
exception of that made with the special 93-7 alloy. 
This particular seam was radiographed after comple- 
tion of welding from one side and was sound, but after 
chipping and sealing, examination showed that crack- 
ing had occurred. The mechanical properties of the 
joints are given in Tables XI and XII and the bend-test 
results are illustrated in Fig. 11. It will be evident from 
these results that the welds have good strength and 
ductility, although in every instance there is an im- 
provement in properties when a sealing run is applied. 
Mechanical properties of sound portions of the weld 
made with the special 93-7 filler were less satisfactory. 
Microscopic examination of the defective weld indi- 
cated that cracking was intercrystalline and had 
originated near the upper surface of the weld (see 
Figs. 12 and 13). Typical microstructures of the welds 
made with various fillers are given in Figs. 14, 15 and 
16. 

Hot Cracking—Of the three tests described in the 
Appendix, only the ‘fishbone’ test due to Houldcroft 
gave reasonably consistent results, although in general 
it was evident that the Superston-type material was 
more hot-short than any of the other materials ex- 
amined. The fishbone test indicates that alloy D is only 
slightly susceptible to weld cracking, being intermedi- 
ate between alloy E and Superston (see Fig. 17 and 
Table X) and attempts to make the test more severe by 
varying the dimensions of the samples were unsuccessful 
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Fig. 14—Alloy D weld metal 
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Fig. 15—Alloy E weld metal 


under the welding conditions employed. It is note- 
worthy that additions of lithium to certain of the alloys 
(Table X) reduced their hot-cracking susceptibility, 
a result which confirms work carried out by the 
B.N.F.M.R.A.™ 

Brittleness—Lancaster and Slater® reported root 
embrittlement in multi-pass inert-gas metal-arc welds 
in alloy D and showed that ductility was restored by 
annealing the material at 800°C. Similar brittleness was 
encountered in the present work in the root run of 
seven-pass welds made using the same process, but by 
contrast, five-pass welds made with the tungsten-arc 
process were free from this defect, as will be evident 
from Fig. 11. It is significant, however, that the 
elongations of chipped and sealed welds were superior 
to those of welds made from one side (Tables XI and 
XID. 

These authors have interpreted their results on the 
basis of a suggestion by Shedden and Pumphrey’® that 
brittleness may arise because of grain-boundary films 
of the gamma,-phase which could result from de- 
composition of beta, present by virtue of rapid cooling 
conditions during welding. Decomposition of the beta- 
phase to form gamma, must occur below the eutectoid 





temperature, approximately 565°C. Microexamination 
of brittle and ductile welds before and after annealing 
at 800°C indicated structures almost identical with 
those published, grain-boundary films being present in 
all instances (Figs. 18 and 19). It has been suggested by 
Lancaster and Slater and others that these are films of 
the gamma,-phase and are responsible for the brittle- 
ness noted. The present work does not support this 
contention. However, it was considered possible that 
gamma, might be present at grain boundaries in- 
dependently of the microstructural features described, 
and accordingly heat-treatment was carried out at four 
temperatures, namely 400°, 515°, 610°, and 800°C for 
periods of time ranging from one minute to eight 
hours. Samples were air cooled from the salt bath and 
bent round a former with radius twice the thickness of 
the test plates. All samples passed this test. Sub- 
sequently, the bends were flattened in a fly press and 
their ductility was assessed by visual examination. It 
was apparent that the samples treated at 610°C were 
the least ductile, the as-welded samples and those 
treated at 800°C being most ductile. However, the 
tendency to brittleness induced by these heat-treatments 
can be regarded as only slight. 
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Fig. 16—Superston weld metal 
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Metal-Arc Welding 


Metal-arc welding of aluminium bronzes has been 
practised for a number of years, and indeed before the 
development of the inert-gas shielded-arc methods, it 
was the only process which permitted joints of reason- 
able strength to be made in material thicker than } in. 

A good deal of research has been carried out on the 
metal-arc welding of aluminium bronze, for although 
single and two-pass welds in a variety of alloys were 
completely satisfactory, multi-pass welds in thicker 
materials have been subject to weld cracking.’ *: '* 

Shedden and Pumphrey'® have emphasized the 
value of duplex alloys for the metal-arc welding of 
aluminium bronzes, and recommended a core wire 
containing 87% Fe, 10% Al, and 3% Fe. Such 
electrodes deposit weld metal with tensile strength of 
40 tons/in? and that is crack-resistant even when 
multi-pass techniques are employed. 

Technique—Because water vapour in the arc atmos- 
phere can lead to serious porosity, electrodes should be 
dried before use for 1 h at 120°C. Edge preparation is 
necessary for plates thicker than } in. A 60° included 
angle V-preparation is recommended for materials up 
to § in., with a root gap to promote good penetration. 
For thicker plate, double-V or double-U preparations 
are satisfactory. 

Positive polarity is always used, and the current 
range specified by the manufacturer for each size of 
electrode should be adhered to if excessive spatter is 
to be avoided. In multi-pass welds, special attention 
should be directed towards removal of all flux between 
passes, for such inclusions can cause serious loss of 
strength and ductility in joints. American practice’ 
favours a weaving technique to reduce the risk of flux 
entrapment. 

Summing up, it is apparent that satisfactory and 
reliable metal-arc welds may be made in aluminium 
bronzes if electrodes which deposit duplex alpha-+- beta 
weld metal are employed. There is some doubt, how- 
ever, whether satisfactory electrodes are commercially 
available for the autogenous multi-pass welding of 
alpha aluminium bronzes. 


Other Welding Methods 

The difficulties in oxide removal which cause trouble 
with gas welding have already been stressed. Certainly 
gas welding is not effective for thicknesses greater than 
} in. and to achieve even average results special flux 
mixtures containing sodium silico or sodium boro- 
fluorides have to be used. These two compounds are 
extremely active in dealing with aluminium oxide, but 
they also give off unpleasant and toxic fumes which 
must not be inhaled by the operator. 

Carbon-arc welding has been practised for a number 
of years, principally in the U.S.A., and is recommen- 
ded for the welding of thick sections, in that the 
deposits laid down are denser than those possible with 
the metal-are process. Covered filler rods are used to 
enable the refractory aluminium oxide to be fluxed 
effectively. Tapered carbon electrodes are connected 
to the negative pole of the generator and welding is 
always carried out in the downhand position. Full 
details of recommended procedures and results ob- 
tained have been given elsewhere.* 
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DISCUSSION 
Cupro-Nickel 
It is clear from the data provided that sound, strong 
joints can be produced in a range of cupro-nickel 
alloys with the inert-gas shielded-arc processes, pro- 
vided that special filler alloys are used. These fillers 
are essentially similar in composition to the parent 
stock but contain small additions of powerful deoxi- 
dants, such as titanium or aluminium, to minimize 
porosity. It is also noteworthy that some of these 
compositions are equally effective as fillers for oxy- 
acetylene or metal-arc welding. This considerably 
increases the range of processes available for joining 
cupro-nickel alloys and enables the special merits of 
each method to be fully exploited. 


Aluminium Bronze 


It is evident that the hot-cracking susceptibility of 
aluminium-bronze welds is not serious, alloy D being 
slightly more susceptible than alloy £, and slightly less 
susceptible than Superston, but the special 93-7 filler 
alloy must be regarded as suspect, for cracking occurred 
in solid weld metal at the top surface during the sealing 
of the root. Microexamination showed the cracks to 
be intercrystalline, and provides direct evidence that 
sub-solidus intercrystalline cracking can occur in 
aluminium-bronze alloys. Moreover, the reduction in 
susceptibility conferred by adding small quantities of 
lithium to the various alloys is more easily interpreted 
in terms of sub-solidus hot-shortness in view of the 
data reported by the B.N.F.M.R.A." who showed 
that lithium offsets the embrittling effects of bismuth 
in aluminium bronze in the temperature range 
500-900°C. The almost complete absence of welding 
difficulties even under the most adverse restraint con- 
ditions leads to the conclusion that the cracking 
experienced in practice must be largely due to incorrect 
technique arising perhaps from lack of experience, 
rather than to any innate metallurgical fault. It is con- 
sidered that if the welding conditions as set out in the 
paper are employed no undue difficulty should rise. It is 
evident from Tables XIand XII that the root run should 
be chipped out and sealed for best results, but neverthe- 
less good properties are easily obtained in welds made 
from one side. From the viewpoint of strength, the 
most satisfactory filler is alloy E since it so over- 
matches the plate properties that failure occurs always 
away from the weld. It should be borne in mind that 
alloy E in certain media is less corrosion-resistant than 
alloy D. This fact may be more important in determ- 
ining the choice of filler rod than the weld strength 
obtained. 

The conditions which lead to root embrittlement 
require further study, for although the defect did not 
arise in five-pass welds in the 3-in. thick material, it 
occurred in a seven-pass weld. Heat-treatment experi- 
ments indicate a slight reduction in ductility when 
single-pass welds are annealed at 610°C, but this 
seems unlikely to be connected with the gamma,- 
phase, as suggested by Lancaster and Slater, for 
610°C is above the eutectoid temperature. It is evident 
from the equilibrium diagram (Fig. 6), at least for 
binary alloys, that only a small proportion of the 
gamma-phase can arise even under the most adverse 
cooling conditions in alloys containing less than 7-5°% 
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Fig. 17 


aluminium; at most only about of any beta-phase 
retained by virtue of out-of-equilibrium conditions in- 
duced by welding. The amount of beta retained in such 
alloys is small (Fig. 8) whilst in alloys containing 
6-6°, aluminium, no beta at all is observed. Lancaster 
and Slater have observed grain-boundary films in 
brittle welds. Such films were noted in the present 
work to be a common feature of brittle and ductile 
welds in both the as-welded and annealed conditions 
and cannot therefore be regarded as contributing per 
se towards embrittlement. Moreover, welds contain- 
ing areas of decomposed beta (and therefore some 
gamma,) were quite ductile. 
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(a) As-welded (brittle) 


Fig. 18 
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Alloy D weld metal 


ALLOYS 


Ps “> 


(b) Alloy D 


(ad Superston 


Radiographs of typical Houldcroft tests 


If gamma, were responsible for brittleness in alloys 
containing less than 8-5°, Al, an elegant although 
probably impractical solution would be to modify 
the high-temperature equilibrium. Thus, if point D 
in Fig. 6 could be displaced to slightly lower alumin- 
ium content (less than 9-4°,) without altering equilib- 
rium at lower temperatures, under no circumstances 
could the gamma,-phase arise in subsequent reheating 
by decomposition of the beta-phase. 

It is claimed that duplex weld metal is resistant to 
cracking'® and embrittlement'*® despite the much 
greater proportion of gamma, likely to result from 
beta decomposition. Shedden and Pumphrey suggest 





(b) Welded and annealed (ductile) 
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Fig. 19—Alloy D weld metal fn 800 


Table XI 
MECHANICAL PROPERTIES OF ARGON-ARC WELDS IN }-in. THICK ALLOY D PLATE 





Mechanical Properties 
Filler Alloy Welding Procedure 
U.T.S.., Elongation, Position of 
tons in® on 2 in tensile 
fracture” B 
28:7* 18 uv 
93-7 copper—aluminium Welded from one side 25-6 14 WW 
26:1 20 u 
33-28 7 | 
Welded from one side, back chipped and sealed 25-5 15 uw 
25-4 14 uu 
35-2* 27 vv 
Alloy D Welded from one side 29°4 15 uv 
28-8 15 uv 
35.g 6 P 
Welded from one side, back chipped and sealed 29-9 15 “ 
32-0 20 P 
35-8" 27 P 
Alloy £ Welded from one side 35-3 33 HAZ 
35-0 32 HAZ 
36-0* 32 P 
Welded from one side, back chipped and sealed 35-5 34 P 
35-2 30 P 
29-3* 12 uw 
Special 93-7 filler Welded from one side 28-6 17 if] 
25-2 | 13 uv 
| 
31-4* | 20 uw 
Welded from one side, back chipped and sealed 23-3 9 wv 
2 | 1> uw 
| 35-0% | 18 | HAZ 
Superston Welded from one side 35-6 | 36 P 
30-7 | 10 uu 
36°1* 26 P 
Welded from one side, back chipped and sealed 0-6 13 uu 
$4°8 31 | HAZ 











+ Fracture in P = plate; HAZ = heat-affected zone; W = weld meta! * Weld reinforcement not removed 
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Fig. 20—Sketch of hot-cracking jig 


that in duplex alloys gamma, does not form grain- 
boundary films as in alpha alloys. From the equilib- 
rium diagram it will be noted that binary alloys 
containing more than 85° aluminium solidify with 
formation of aluminium-rich primary dendrites, so 
that in rapid cooling the last liquid to freeze will be 
relatively copper-rich. Thus, the aluminium concen- 
tration gradient will be in the reverse sense to that 
occurring in welds containing less than 8-5% alumin- 
ium. The last liquid to freeze in either alloy is the 
eutectic, and it would therefore appear that boundary 
films of gamma, are possible in both materials unless 
the eutectic is degenerate. However, the crack resist- 
ance of duplex alloys can be explained simply by 
postulating that brittleness is caused by grain- 
boundary segregates of some impurity more soluble in 
the beta-phase than in the alpha-phase, and it cannot 
be overlooked that just such a state of affairs is 
inferred by the B.N.F.M.R.A. work with respect to 
the bismuth in aluminium 
bronzes 

It is possible, therefore, that both hot cracking and 
brittleness are caused by similar agencies, and indeed 
it is probable that the embrittled weld roots reported 
by Lancaster would crack under the thermally in- 
duced strain, if many more passes were made, as was 
noted by Rollason and Marsh 

Summing up, therefore, it is evident that the hot 
cracking susceptibility of aluminium-bronze alloys is 
small and unlikely, with correct procedure, to cause 


embrittling effects of 





Fig. 21—Sample after testing in jig illustrated in Fig. 20 


BRITISH WELDING JOURNAL 


TERRY AND TAYLOR: WELDING OF CUPRO-NICKEL AND ALUMINIUM-BRONZE ALLOYS 


7 Slots '/32" wide '/2” centres 


Lie ale meee — 





—$——— 


s 


” 


"4 


2'/2" 
ia” + 








~ 4" el 


Fig. 22—-Dimensions of the Houldcroft test-piece 


trouble in practice. The conditions under which weld- 
root embrittlement occurs have not been defined; 
certainly, it does not invariably occur and the evidence 
suggests it is related to minor impurities rather than 
brittle grain-boundary films of gamma,. The problem 
could be studied in much the same way as that sug- 
gested by Mantle for metal-arc electrodes'* either by 
using high-purity materials or possibly by adding 
small quantities of lithium to filler rods. 


APPENDIX 
Experimental Procedure 

Hot Cracking Tests 

Apblett and Pellini Test—A number of strips of the 
compositions given in Table LX in widths of both $ in. 
and 2 in. were close butted and clamped in a jig. Weld 
runs were made at right angles to the interstices down the 
centre of the assembled strips as described'* using an 
alternating current of 154 A and a welding speed of 
12 in./min. Cracking susceptibility was assessed by refer- 
ence to cracking at the interstices. After a few experimental 
trials, in which almost no cracking was observed, it was 
evident that the method was not sufficiently discriminating 
to differentiate between the behaviours of the various 
alloys, and the tests were therefore discontinued. 


Table XI 
MECHANICAL PROPERTIES OF AUTOGENOUS 
INERT-GAS SHIELDED METAL-ARC WELDS IN 
j-in. THICK ALLOY D PLATE 








Welding Procedure Mechanical Properties 

| U.T.S., tons/in® | Elongation, °% on 

2 in. 
Welded from one 34-8* 20 
side 32:1 17 

32-6 19 

| 34-7" 19 

33-1 18 

| 32:8 19 
Welded from one 35-0* 27 
side, back chipped | 35-2 19 
and sealed 31-6 14 

| 

31-8* 21 

33-5 20 
| 32-7 16 








* Weld reinforcement not removed 
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Fig. 23—Edge preparations for inert-gas shielded-arc welding of 


aluminium bronze 


Welding Tests under Conditions of Static Loading—lt 
was considered that a weld cracking test in which a bending 
load was applied to the weld metal during welding might 
be capable of differentiating between the hot-cracking 
behaviours of the various alloys. Accordingly, the jig 
illustrated in Fig. 20 was constructed. Small plate samples 
4 in. x 2} in. = § in. of the alloys noted in Table LX were 
positioned and secured before a static load of 56 Ib was 
applied as shown. Full penetration weld beads were then 
laid along the specimen, which deformed under the dead 
load as welding proceeded (Fig. 21). Whilst hot cracking 
was noticed in both alloy D and Superston material, the 
extent of cracking was critically dependent on conditions 
that could not be defined sufficiently closely to permit 
reproducible results. But the results indicated that Super- 
ston was slightly more susceptible to cracking than the 
other aluminium bronzes examined. 

Houldcroft Test—After a few preliminary trials, it was 
evident that the Houldcroft test was capable of inducing 
hot cracking. With test plates of the dimensions given in 
Fig. 22 weld beads were made manually with the tungsten- 
arc process using an alternating current of 154 A and a 
welding speed of 12 in./min. Cracking was evident in all 
samples except 93-7 aluminium bronze, being most 
extensive in Superston. Variations in the dimensions of the 
test plate, particularly a reduction in width, did not increase 
the extent of hot cracking. Three tests were made on sheet 
of each composition and these were sufficiently consistent 
to give significance to the average crack length recorded 
in Table X. 

Welding Trials 


Butt Welds—Plates 12 in. x 6 in. x 2 in. were prepared to 


Table XII 
PROCEDURE FOR MAKING TUNGSTEN-ARC BUTT 











WELDS IN }-in. ALUMINIUM-BRONZE ALLOY D 
PLATE 
| | 
| Welding | 
Edge Filler We =. | Speed, No. of 
Preparation | Material | Current, A | in./min. Runs 
} | per run 
7 | | } - 4 
Single U, | 93-7 Cu—Al | Run 1 | 
y-in. root 254 a.c. 
face, Runs 2-5 3 5 
ix-in. root : 288 a.c. 
gap | re 2 os 
Speci al 93- x 3 5 
Cu-Al 
| Alloy D- ‘ 3 5 
| Alloy E- Bi 3 5 
Superston Run | 
237 a.c 3 5 
Runs 2-5 
288 a.c 
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Table XIV 


WELDING CONDITIONS FOR INERT-GAS METAL-ARC 
WELDING }{-in. ALUMINIUM-BRONZE ALLOY D PLATE 





| Welding | Arc | Wire 
Edge Filler | Current, Voltage, | Speed, 
Preparation Material | 4 J in./min, 
Single U, 
jy-in. root Alloy D | 310-320 26-28 | 210-230 
face, close fy-in, dia. | d.c 
butted 











the configuration illustrated in Fig. 23 and after tacking 
them at the ends to maintain the root gap, butt welds were 
made with each of the filler compositions listed in 
Table VIII, using a composite power source, a torch being 
employed with a ceramic shield, a }-in. dia. pure tungsten 
electrode, and a gas flow of 25 ft®/h. The weld was com- 
pleted in five runs in accordance with Table XIII utilizing 
a backing bar incorporating a groove } in. wide by ¥ in. 
deep coated with DAG 450N compound. All welds were 
radiographed. The root pass was then chipped back in some 
plates and sealed before the specimens were re-radiographed. 

Welds were also made with the inert-gas metal-arc 
process according to the procedure given in Table XIV. 
Again, welds were radiographed before some plates were 
chipped, sealed, and re-radiographed. 

Restrained Weld Tests—Plates 12 in. x 6 in. x } in. were 
prepared as before and were first fillet welded to a stiffened 
mild-steel plate (see Fig. 10). Butt welds were then made 
with the inert-gas tungsten and inert-gas metal-arc equip- 
ment, under the conditions set out in Tables XII1 and XIV. 
After cooling, the fillet welds were chipped to free the test 
plate, which was subjected to examination as before. 
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A Test on a Two-storey Single-bay Portal 
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GENERAL ARRANGEMENT OF TEST 


HE test was carried out at the Abington Research 

Station of the British Welding Research Asso- 

ciation. The arrangements of the test frames and 
loading equipment were generally identical with those 
used for earlier full-scale tests.! 


STRUCTURE AND TESTING GEAR 

Details of Main Frames 

The details of the two main portal frames of the 
structure are shown in Figs. | and 2. The stanchions 
were of 4 in. x3 in.x10 Ib R.S.J. from the same 
rolling and the beams were of 5 in.x3 in. x11 Ib 
R.S.J. also from a single rolling. The feet of the 
stanchions were profile-welded to l-in. thick base- 
plates bolted to the compound beams (Fig. 9) by 
twelve j-in. dia. bolts in order to approximate as 
closely as possible to the conditions of completely 
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rigid foundations. The profile welds were of $-in. leg 
at the flanges and }-in. leg at the web, corresponding 
to throat thicknesses of 0-35 in. and 0-18 in. respec- 
tively. The baseplates were stiffened by 4-in. plates on 
either side of the stanchion, but there was no direct 
connection between these plates and the stanchion. 

The main frames were braced 12 ft apart (between 
centres) by 6 in. x 3 in. x 12:4 1b channel welded to the 
outer flanges of the stanchions at the beam levels 
(Fig. 4). Additional bracing was provided by 3 in. 
14 in. x 4 1b floor beams welded to the upper flanges of 
the main beams and by the loading beams which were 
clamped by plates and bolts to the centres of the main 
beams as shown in Figs. | and 5. In order to ensure 
lateral stability of the structure as a whole, cross 
bracing was provided in the end panels; this consisted 
of 2-in. dia. steel rod tack welded into place. It was not 
tensioned initially but care was taken to ensure that 
there was no intitial sag of the bracing. 

The beam-to-stanchion joints were made by profile 
welding the ends of the beams to the adjacent flange 
surfaces of the stanchions. The weld siz2s were }-in. 
leg at the flanges and }-in. leg at the webs of the 
beams (Fig. 3). As the beam and stanchion flanges were 
of the same width, the profile welds were incomplete 
in respect of the portions which would normally cover 
the edges of the flanges of the section. It was decided, 
however, that this deficiency would be negligible 
having regard to the area of weld metal available and 
in relation to the cross-sectional dimensions of the 
beams. The joints were completed by ?-in. thick 
stiffening plates fitted in contact with the web and 
flanges of the stanchions and in line with the flanges 
of the beams. These plates were secured by profile 
welds of }-in. leg. The finished appearance of the joints 
can be seen in Fig. 5. 
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Fig. 1—Elevation of structure 
The shop preparation of the members of the struc- 
ture consisted merely of cutting approximately to 
length and finishing to the correct length within 4 in. 
in a shaping machine. Great care was taken to ensure 
that the ends of the members were finished square. 
All of the welding was carried out at site and £317 
electrodes (6 and 8 s.w.g.) were used with an a.c. open- 
circuit voltage of 80 V. 
Erection of the Structure 


The stanchions and beams of each frame were set 
up on trestles at site and the joints made by welding, 


A» 
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oe link 
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~ 
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Fig. 2—Half-section in ZZ (see Fig. 1) 
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Section at face 
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Detail of beam-to-stanchion joint 


Fig. 3 


taking care that the respective diagonal dimensions of 
the frames were correct. 

The complete frames were next hauled into a vertical 
position on the baseplates on the compound girders 
and the stanchion feet welded to the baseplates. The 6 
in. x 3 in. bracing channels and the end stability bracing 
were then erected, followed by the 8 in. x 6 in. « 35 Ib 
loading beam spanning the centres of the upper beams 
and overhanging by 4 ft at each side (shear legs were 
used for this operation). The 5 in. x 44 in. « 20 Ib load- 
ing beam for the lower storey and the 3 in. x 14 in. 

4 lb floor beams were erected finally and the stiffening 
plates were welded to the baseplates 

Great care was taken during erection to ensure that 
the stanchions were truly vertical and that the correct 
dimensions were maintained. The greatest error in any 
dimension on completion of the structure was less 
than } in. 


Loading Gear 

Vertical load—Equal concentrated loads were ap- 
plied at the centre of each beam by means of loading 
tanks suspended by a linkwork (details of which can 
be seen in Figs. 2 and 6) which was designed so that 
the behaviour of the structure was not affected by its 
presence. On each side of the structure a compound 
beam consisting of two equal lengths of 4 in. x 3 in. > 
10 Ib R.S.J., welded side by side was hinged by 
brackets and a horizontal pin over the end of the lower 
storey loading beam. The lower bracket was held by a 
vertical pin to the upper clamping plate of the loading 
beam so that it could swivel in a horizontal plane if 
necessary. At the other end of the compound beam, a 
lug was welded to the upper face for the purpose of 
suspending it from a similar lug at the overhanging 
end of the upper loading beam by two lengths of 2 in. 

2 in. flat steel bar, through universal links and pins. 
The tanks were suspended by hangers and links from 
a short length of 4in. x 3in. R.S.J.(the suspension beam) 
mounted on a pin through bearings at the centre of the 
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Fig. 4—Side view of structure before loading 


compound beam with respect to its points of suspen- 
sion. In this way equal loads would be applied to both 
storeys through the loading beams. Care was taken to 
ensure that the proportions of the links, connecting 


Fig. 6—Diagonal view of structure 
before loading showing the 
arrangement of verniers for 
measuring horizontal de- 
flections and the suspended 
scales for measuring the 
vertical deflection at the 
centre of the beams 


BRITISH WELDING JOURNAL 





TEST ON A PORTAL STRUCTURE 





Fig. 5—Forward stanchion before loading and 


linkage for the horizontal loading 


the tank hangers to the suspension beam, were such 
that, in the event of the compound beam departing 
from the horizontal, due to differential deflection of the 
upper and lower beams of the frame, equal distribution 
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of load between these beams was maintained. 
Otherwise there would have been the danger of in- 
stability of the system. 

Owing to the anticipated inequality of the weights 
of the loading beams and the loading linkworks distri- 
buted between each storey of the structure the com- 
ponents were weighed before erection and it was found 
that compensating loads of rather more than 4 cwt 
were necessary at the lower storey to ensure equality 
of loading. These loads were suspended symmetrically 
between the main frames from the lower loading beam. 

Each loading tank weighed nearly | ton and incre- 


ments of dead load in the form of steel billets, each of 


+ 


which weighed approximately 2 cwt, and lengths of 


scrap caterpillar track, of approximately 60 Ib each, 
were used. The increments of load were weighed out 


Fig. 8—Diagonal view of the struc- 
ture before loading with 
the equipment for appli- 
cation of horizontal load 
in the foreground 
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Fig. 7—End view of structure 
before loading (remote 
from the horizontal load- 
ing equipment) 





carefully beforehand and, for reasons of safety and 
adaptability, the final increments were obtained by 
running measured quantities of water into the voids 
between the metal in the tanks. The flexible pipes from 
the water tanks to the loading tanks can be seen in 
Fig. 4. 

Horizontal Load—Equal concentrated horizontal 
loads were applied at the beam levels of the structure. 
The loading frame built for earlier tests' was used for 
this purpose, the loading cradles being connected to 
the structure through twin cables over pulleys in the 
loading frame. At each frame of the structure the 
cables were connected by a pin and lug to a vertical 
loading beam of 5 in. x3 in. x11 Ib R.S.J. For the 
purpose of connecting the vertical loading beams to the 
structure, lugs were weided to the 6 in. x3 in. bracing 
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Fig. 9 Stanchion base. ( 


lannels 


at both storey levels and links and pins were 


to connect the ends of the beams to the lugs the 
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») Vernier for horizontal deflection of upper storey. 


(c) Vernier for horizontal deflection of lower storey 


loading beams to maintain an angle of 90° between 
them. By leaving the upper links free to rotate inde- 
pendently of the loading beams, the rigidity of the 
structure would not be influenced by the loading gear. 

The loading cradles and attachments weighed 
632 Ib and consisted of loading tank suspension 
frames with a few lengths of 3 in. x 14 in. x 4 1b R.S.J. 
to support the lengths of caterpillar track, which were 
to be used for the load increments, over gaps in the 
frames. It was necessary to discard the loading tanks 
used in earlier tests because of the magnitude of the 
initial increment of load which their use would have 
incurred. In order, however, that the final increments 
of load could be obtained by the use of water, a 50-gal 
galvanized steel water tank was placed at the centre of 
each cradle and connected by flexible pipes to the 
main water supply tanks. The arrangement of the 
horizontal loading equipment can be seen in Figs. 5 
and 8 

Until the time of the test the loading tanks and 
cradles were supported by timber. 


INSTRUMENTATION 
The longitudinal deflections of the frames at the 
beam levels were measured by vernier scales? mounted 
on stands on the concrete base a few feet from the 
structure, at the end remote from the horizontal 


loading equipment (Figs. 6, 7, and 9). The verniers, 


which were capable of measuring 0-01 in., were 
attached to the stanchions by fine stranded wire 
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(7-0-008 in. dia. high tensile steel) tensioned by 10-lb 
weights which can be seen in Fig. 9. Owing to the 





Forward stanchion after the collapse of the structure 
showing the lower beam-to-stanchion joint 


Fig. 12a 
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Fig. 11—Side view of the structure 


after collapse 


height of the upper beams, the verniers for measuring 
the upper horizontal deflections were mounted vertically 





Fig. 125—Enlarged view of a beam-to-stanchion joint (forward 
stanchion) after collapse of the structure showing 


cracks in the resin at the plastic hinge in the beam 
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at eye level as shown in Fig. § 
Immediately below these scales 
small eye-bolts were provided to 
guide the wires in order to avoid 
disturbance due to possible swing- 
ing of the weights. A_ similar 
difficulty did not arise with the 
lower reading verniers because 
they were mounted horizontally 
and the weights were suspended 
over pulleys on the stands as shown 
in Fig. 9 
The vertical deflections of the 
centres of the beams were meas- 
ured by observing suspended black 
bakelite scales with white gradua- 
tions in tenths of inches through 
theodolites (a theodolite for each 
\ erticality of each scale 


scale) The 
was en sured by loading with a 


10-lb we t 


Th iteral deflection of the 
L Vasil 


tru ul Wi I reasured by observ- 
ng bakelite scales mounted on the 
web of the upper 6 in 3 in. end 
, . “8 


yannel and on the 3 in 14 1n 
loor beam 33 immediately beyond 

upper loading Fig. 132 
bear respe tively. as shown in 
ne theodolite was 
observations 


scales 
sight. 


yecause the 
line of 


for these 


arranged to be in the sar 





Fig. 135—Enlarged end view of the right-hand side of the struc- 
ture after collapse showing buckling at the centres of 
the beams 
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End view of the structure after collapse from the right-hand side (remote from 
the horizontal loading equipment) 


In order to obtain some indications of the onset of 
plastic flow, the members of frame X of the structure 
were coated with plumber’s resin at the feet and tops of 
the stanchions, at the ends and centres of the lower 
beams, and at the centres of the upper beams (Figs. 5 
and 11). 

No instruments were necessary for measuring the 
loads applied to the structure, because the weights of 
all increments of load were determined before the test. 


CHOICE OF LOADS 


It was decided to induce a mode of collapse which 
caused the most severe conditions at the intermediate 
beam-to-stanchion joint and which was also a frame 
mechanism rather than a local mechanism. The mode 
2, shown in Figs. 10 and 11 was, therefore, appro- 
priate. It had been hoped to obtain material for the 
stanchions which had a full plastic section modulus of 
approximately half that of the beams in order to study 
the formation of hinges at the beam-to-stanchion 
joints. Theoretically 4 in. x3 in. x 10 Ib R.S.J. would 
have been suitable having regard to the actual full 
plastic moment of the 5 in.x3 in.x I1 Ib R.S.J. 
which was already available. Unfortunately, however, 
the 4 in. x 3 in. material received exhibited a yield point 
which was appreciably higher than anticipated. 

Bearing in mind the capacity of the loading equip- 
ment which was available, the combination of loads 
chosen, from among those which would produce the 
requisite mode of collapse, consisted of equal con- 
centrated vertical loads at the centres of the beams and 
equal horizontal loads at the beam levels on the 
stanchions such that the ratio of total vertical to total 
horizontal load was 4:1. A collapse-load mode of 
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failure diagram for the frames is shown in Fig. 10. 
Loads within the region bounded by the line RSTU can 
be carried by the frames; collapse loads are represented 
by points on the boundary (the locus of the collapse 
loading). The appropriate modes of collapse are 
shown adjacent to the respective portions of the 
boundary. 
DESCRIPTION OF THE TEST 

The duration of the test was from 10.00 a.m. until 
4.30 p.m. on 6th June 1956. By the former hour all 
instruments had been set up and adjusted and the 
timber supports of the loading tanks and cradles 
removed with the aid of jacks so that initial readings 
could be taken. Sufficient additional load (112 Ib) had 
been placed beforehand on the cradles for the hori- 
zontal load to ensure that the ratio of the initial vertical 
load (tanks empty) to the initial horizontal load was 
4:1. This procedure was necessary before the zero 
readings could be taken because there would other- 
wise have been some initial vertical load (due to the 
loading beams, etc.) but no initial horizontal load on 
the structure. The zero deflection readings were, 
therefore, taken for a total load of 1-28 tons and a 

I 


total horizontal load of 0-32 tons on each frame of 


the structure. 

Increments of total vertical load of 0-5 tons were 
added simultaneously with increments of total hori- 
zontal load of 0-125 tons until the total vertical and 
horizontal loads on each frame were 7-78 tons and 
1-93 tons respectively. At this stage, as some yielding 
had already occurred in the beams at points P, QO, and 


G and in the stanchions at D, as evidenced by cracking of 


the resin in frame X (Figs. 12a and 4), the load incre- 
ments were halved. Loading in this manner was con- 
tinued until the total vertical load was 10-53 tons when 
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Fig. 14a—End view of the structure after 
collapse from the left-hand 
side (remote from the hori- 
zontal loading equipment) 


Enlarged end view of the left-hand side of the structure 
after collapse showing buckiing at the centres of the 
beams and the horizontal scales for measuring lateral 
deflections of the structure 
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ppreciable yielding had occurred at six hinge points. seemed imminent and water was used for another 
Having regard to this fact and that the total vertical increment of 0-2 tons vertically and 0-05 tons horizon- 
be 10-08 tons, water tally. Collapse actually occurred when a further incre- 
ment of load had reached 0-15 tons vertically and 


vad at collapse was predicted to 
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wed little sign of persisting, increments in the form 
scrap metal were used once more as it was desired 
for the final stages. 
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0-037 tons horizontally. At this point, when the total 
vertical and horizontal loads on each frame were 
12:23 tons and 3-06 tons respectively, creep con- 
tinued until the cradles for the horizontal load touched 


the ground. 
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Fig. 18—Horizontal deflection at lower storey of frame 8 } 
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Fig. 19-—Vertical deflection at centre of upper beam. Frame 8 X 


During the final stages there was some lateral 
movement and distortion of the 3in. « 14 in. floor beams 
due to buckling of the compression flanges of the main 
beams in the region of the central plastic hinges. These 
effects can be seen in Figs. 11, 12, 13, and 14; the 
lateral movement was to the right with respect to the 
direction of the horizontal load, and was localized due 
to the cross bracing at the ends of the structure. 

Great care was taken to ensure that the loading of 
both frames of the structure was carried out evenly 
and simultaneously. Between load increments suffi- 
cient time had to be allowed for instruments to be read 
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Vertical deflection at centre of lower beam. Frame 8 X 


Sie i a = Se ss 


Fig. 21—-Vertical deflection at centre of upper beam. Frame 8} 


and these intervals of time increased with the onset of 


yield because it was necessary to wait until creep was 
negligible, i.e. less than 0-005 in./min, before readings 
were taken. 
CONTROL BEAM TESTS 

Control beam tests on the 5 in. x3 in. x 11 Ib R.S.J. 
of the main beams of the frames had been carried out 
in connection with a previous test* when it was found 
that it had the following properties: 
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Fig. 22—Vertical deflection at centre of lower beam. Frame 8) 
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Fig. 16 —Horizontal deflection at lower storey of frame 8 \ 
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Fig. 19 Vertical deflection at centre of upper beam. Frame 8 4 
During the final stages there was some lateral 
sin 14 in. floor beams 


movement and distortion of the 
due to buckling of the compression flanges of the main 
These 


beams in the region of the central plastic hinges 
effects can be seen in Figs. 11, 12, 13, and 14; the 
lateral movement was to the right with respect to the 
direction of the horizontal load, and was localized due 
to the cross bracing at the ends of the structure 


Great care was taken to ensure that the loading of 
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and 
cient time had to be allowed for instruments to be read 


Fig. 20 


MAY, 1958 


Vertical deflection at centre of lower beam. Frame 8 4 
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Fig. 21 Vertical deflection at centre of upper beam. Frame 8) 


and these intervals of time increased with the onset of 


yield because it was necessary to wait until creep was 
negligible, i.e. less than 0-005 in./min, before readings 
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Fig. 22-—Vertical deflection at centre of lower beam. Frame 8) 
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Table I 
PROPERTIES OF 4 in. «3 in. SECTION 
Flexural Maximum Full 
Beam No rigidity elastic plastic 
EI, tons/in* moment of | moment 
resistance VM ., tons-in, 
MVM, tons-in 
1 (central load) 0-99 « 10° 72 90-5 
2 (2-point load) 0-99 « 10° | 72 88-0 
3 (2-point load) 0-99 « 10° 72 88-5 
Flexural rigidity 1-73 » 10° tons/in* 
Maximum elastic moment of resistance 90 tons-in 
Full plastic moment 107 tons-in 


Three control beam tests were carried out on the 


4 in. x3 in.x10 Ib R.S.J. of the stanchions of the 
frames. The general arrangement of these tests Is 
shown in Fig. 23. The control beams were 7 ft 6 in. 


} 


ong; two of them were tested under two point loading 

give a uniform bending moment over the central 
ortion and the other was tested under a central con- 
ntrated load as indicated in Fig. 23. The ends of the 
were supported through braced L-shaped 
rackets welded to them for the purpose of distributing 
the ear over the end sections and preventing in- 
bilit f These brackets 


— 


vili the compression flanges. 
ffective span of each control beam to be 
) ft 6 in. to 8 ft. 
The tests were carried out 


tr m 


in an Amsler 500-ton 


TEST ON A PORTAL STRUCTURE 


- 33 ~ 33" > 
M0) W pe | 3 ee | 3 5 
WIS 2 | 2 

| | j 

L u ! 

a = 
Giusennaiia seamiuaanal NN. 
i 
w/> ate ar 
2 8O 7 
Two point load 

he $3: ot 33 > 
iN |W ~ 
W) 2 4 (S) 

a ed 
— ———————————— ———4-—— i ~~ 
~~ — ~<a. ~ 

3 (3) 3"| 
“ |W 
2 he - ~ 2 

entral load 
Fig. 23—-Arrangement of control-beam tests 


flexural rigidity while gauges | and 5 enabled the 
deflections relative to the supports to be found. The 
precise details of the equipment and the tests were 














pl n testing machine and load capsules were similar to those described in earlier reports.*»? The 
he end brackets to determine the applied _ respective load/deflection curves are shown in Fig. 24. 
Dial gauges were used to measure the deflec- The properties of the section, obtained by the tests, are 
f points |, 2, 3, 4, and 5 as shown in Fig. 23. shown in Table I. 
’, 3, and 4 enabled the actual deflection of the Accordingly the following values were accepted for 
to be found for the purpose of finding the _ the properties of the 4 in. x 3 in. R.S.J.: 
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0-99 


72 tons-in. 


Flexural rigidity 10° tons/in® 
Maximum elastic moment of resistance 


Full plastic moment 89 tons-in. 


RESULTS OF THE TEST 

The horizontal deflections of the frames at the beam 
levels are shown graphically in Figs. 15, 16, 17 and 18 
and the vertical deflections of the centres of the beams 
are shown in Figs. 19, 20, 21, and 22. 

There was negligible lateral movement of the struc- 
ture as a whole but in the final stages, due to in- 
stability of the compression flanges of the beams, there 
was some lateral movement of the floor beams near 
the main loading beams, i.e. in the vicinity of the 
plastic hinges at the centres of the beams. A maximum 
lateral movement of 0-25 in. was observed at floor 
beam 33 of the upper storey. Yield was observed as 
follows: 


Total vertical load on each frame=6-78 tons, first signs of 
yield in the beams at 
points P, Q, and G and in 
the stanchions at D 


10-03 tons, first signs of 
yield ut points A and K. 


Collapse occurred when the total vertical and 
horizontal loads on each frame were 12-23 tons and 
3-06 tons respectively. These loads were supported for 
approximately 20 minutes during which time creep at 
an appreciable rate persisted. Creep was arrested 
eventually when the cradles for the horizontal loads 
touched the ground. The mode of collapse was in 
accordance with predictions with plastic hinges at 
4, P, D, Q, G, and K as shown in Figs. 10 and 11. 
Distortion of the beam-to-stanchion joints which 
accompanied formation of the plastic hinges at G is 
shown in Figs. 11 and 12 and distortion of the centres 
of the beams due to instability of the compression 
flanges in the final stages can be seen in Figs. 11, 12, 13, 
and 14. Bending of the floor beams which accom- 
panied the latter is shown in Figs. 11 and 12. 


DISCUSSION OF THE RESULTS 

Elastic Behaviour of the Structure 

The deflections* of the frames within the elastic 
range have been calculated using the values of the 
flexural rigidities obtained from the control beam tests 
and assuming that the stanchion feet were rigidly 
attached to the compound girders. The corresponding 
load/deflection curves are shown in Figs. 15-22 in- 
clusive. It will be seen that the frames were slightly 
less rigid in sidesway than predicted theoretically and 
this is almost certainly due to lack of rigidity of the 
connections between the stanchion feet of the frames 
and the compound girders. The vertical deflections of 
the centres of the beams were in good agreement with 
the theoretical values with the exception of the vertical 
deflection of the lower beam of frame 8Y shown in 
Fig. 22. The pattern of the latter readings taken at this 
point indicates, however. that the theodolite was 
disturbed at an early stage of the test. 


Plastic Behaviour of the Structure 
The theoretical collapse loading of each frame of the 


MAY, 1958 


237 


structure based on full plastic moments of 107 tons-in. 
and 89 tons-in. of the beams and stanchions respec- 
tively, for the particular mode of collapse and chosen 
system of loading, is 10-08 tons vertically and 2-52 
tons horizontally. The fact that collapse did not occur 
until the vertical and horizontal loads on each frame 
were 12-23 tons and 3-06 tons respectively, or 21-3% 
more than the theoretical values, is almost certainly 
due to strain hardening taking place at the plastic 
hinges and the consequent increase in the moments of 
resistance of the hinges. This effect was probably 
pronounced at the hinges in the lower beams adjacent 
to the stanchions owing to the distortion of the beam- 
to-stanchion joints, which, although it did not inter- 
fere with the collapse mechanism, caused the regions 
of plasticity to be greater than predicted. Moreover, it 
seems reasonable to expect that the effect of strain 
hardening upon the collapse loading depends upon the 
number of plastic hinges introduced. In a previous 
test* in which four hinges formed, strain hardening 
caused the collapse loading to be increased by as much 
as 14-75% so that the value of 21-3°% in this test in- 
volving six plastic hinges is, perhaps, not surprising. 


CONCLUSIONS 

Prediction of the Collapse Load 

Although the effects of strain hardening and lateral 
instability of members tend to complicate the beha- 
viour of structures in the region of collapse, the results 
of this test are in accordance with the predictions of 
the simple plastic theory. Moreover, the results indi- 
cate that the simple plastic theory provided a conserva- 
tive estimate of the collapse load, owing to the effect 
of strain hardening. The onset of local instability of 
members was too late to be of consequence. 


Behaviour of Joints 


There was no weld failure at any joint, but the 
beam-to-stanchion joints in the lower storey distorted 
with the formation of the adjacent plastic hinges in the 
beams, so that the region of plasticity was increased to 
include the joints themselves. This distortion could 
have been avoided by including diagonal stiffeners in 
the joints, but the results of this test indicate that it is 
questionable whether the expense of such additional 
stiffening is always justifiable because, in this instance, 
lack of stiffness of the joints was not detrimental to the 
collapse behaviour of the structure. 


Deflections under Working Load 

For the particular system of loading chosen for this 
test, the working values would be 5-77 tons vertically 
and 1-44 tons horizontally on each frame on the basis 
of the predicted collapse loading of 10-08 tons verti- 
cally and 2-52 tons horizontally and a load factor of 
1:75. At the static working loading, therefore, the 
frames would be in the elastic range and their deflec- 
tions would not exceed the following values: 


Vertical deflection at centre of upper beam 0-40 in. 
Vertical deflection at centre of lower beam 0-45 in. 
Horizontal deflection at upper storey 0-80 in. 
Horizontal deflection at lower storey 0-43 in. 
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Deflections of these magnitudes are not excessive 


for most applications and are in fair agreement with the 
values predicted by conventional analysis. 
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The Cracking of Aluminium Bronze 


Welds 


By J. F. 


lancaster, B.Eng., 


A.I.M., and D. Slater, 


SYNOPSIS 
| experienced with test welds in 7% Al-24°% Fe aluminium bronze plate made by 
irg rc and inert-gas metal-arc welding is considered. Cracking is found to occur when the 
alun e weld deposit is below a critical amount, the value of which lies between 
§ for the test conditions recorded. The metallographic evidence suggests that the 


point interyvranulal t Less 
ement 


\ vit } | 


2 f , \ ‘ is also been 


aluminium bronze (the alloy containing up to 

about 7-5°, aluminium) are subject to hot cracking, 
whereas welds made using a 90% copper-10° 
aluminium filler rod, and having a duplex (alpha—beta) 
structure, are normally free from this defect. The 
cause of the cracking, however, remains obscure. 
Rollason and Marsh,' who found cracks in multi-pass 


| is well known that autogenous welds in alpha- 
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Harrogate, on 10th May, 1958. Manuscript received 4th 
March, 1958. 

Mr. Lancaster formerly with the A.P.V. Co., Ltd., Crawley, is 
with the Kellogg International Corporation, London; Mr. 
Slater is with the A.P.V. Co., Ltd. 
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e the solidus temperature, 


and are caused by the presence of low melting- 


dpe 2 interdendritic) films consisting substantially of the beta 
 multi-run deposits made using the inert- gas metal-arc process with 


observed, and the possible causes of this defect are discussed. 


93-7 welds, associated these with the weld metal em- 
brittlkement which they found to occur between 300°C 
and 900°C. The cracking was thought to be due to 
stressing of earlier deposits by subsequent runs, whilst 
at the same time they were heated in the embrittling 
range, well below the solidus. Convincing evidence 
was found for the sub-solidus embrittlement, but the 
actual temperature at which cracking took place in 
welds was not determined; it was assumed that this 
occurred below the solidus, although the data presented 
were equally consistent with cracking above the solidus. 
Subsequent micro-examination by Shedden and 
Pumphrey* of one of these welds after heating at 
600°C revealed the existence of a second phase at some 
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Table I 
COMPOSITIONS OF PLATE AND FILLER WIRES 
Composition, °, 
Sample = a r 
1/ | Fe | Ni | Mn Si Bi Ph 
| | —————eE 
Plate | $89 | 2:35 | O2 | 0:26 | 0-00089 0-010 
l-in. 93-7 filler rod 7°13 0-03 Ir. 0-10 0:37 
},-in. 93-7 filler rod 7-04 | 0-05 Tr. | O20 | 0-0005 00022 
4.-in 95-5 filler rod 4:84 | 0-03 ry | Om | te 0-00037 0-027 
Double 90° V-butt weld deposit | 
i-in. 93-7 rod 638 | IS | O1 | O26 | 
Close butt: ,y-in 93-7 rod weld | 
deposits oc | 8 | 8 | @@ | 0-00029 0-011 
| 














of the grain boundaries. It was suggested that this 
phase could be the brittle gammay,, formed by trans- 
formation of beta-phase present at the grain bound- 
aries of the deposited metal. Thus the 600°C embrittle- 
ment might be accounted for. 

Work at the British Non-Ferrous Metals Research 
Association’ followed somewhat different lines. The 
effect of bismuth and lead on the notched-bar impact 
value of cast 93-7 aluminium bronze was tested in the 
temperature range 300-800°C. It was found that at 
elevated temperature the ductility was seriously im- 
paired by the presence of as little as 0-0006°,, Bi or by 
0-005°, Pb, this effect being most pronounced at 
about 650°C. Welds made in 1|-in. 93-7 plate of low 
and high bismuth content, however, cracked to about 
the same extent, whilst welds in complex (10° Al 
5°. Ni-5°% Fe) aluminium bronze made with low- 
bismuth electrodes of the same composition were free 
from cracks. The welding tests reported here were 
inconclusive in that no specific effects due to bismuth 
and lead were found, but nonetheless it was suggested 
by the investigators that high-purity materials be used 
for making electrodes. 

Garriott' describes patch-weld cracking tests in 
plate to A.S.T.M. specification B.169 Alloy D* 
(7°, Al-2-5% Fe), using various coated electrodes. All 
the rods having a single-phase alpha structure pro- 
duced welds which were subject to severe cracking, 
duplex (alpha—beta) rods with 9-5—11-0°% aluminium- 
1-3-5°. iron gave only crater cracks, and an 11-°5% 
Al-3-5°, Fe rod no cracking at all. A complex alumin- 
ium bronze containing 10°, Al, 3° Fe, and 4-75 % Ni 
however, cracked badly. Garriott associates the crack 
sensitivity with structure; welds which are wholly 
alpha being very prone to this defect owing to their 
low hot strength, those containing a little beta having 
slight cracking tendencies, and those with a predom- 
inantly duplex structure being crack-resistant. 

Test welds of 93-7 aluminium bronze made with 
93-7 wire by the inert-gas-shielded metal-are process 
have been examined,*: * and in neither report is there 
any mention of cracking. Robinson and Berryman, in 
particular, obtained welds of excellent ductility with 
Alloy D plate, using either B.169 Alloy A (5° Al), 
Alloy C (8% Al), or Alloy D (7% Al-2-5% Fe) wire. 

In much of this work it has been tacitly assumed 





* Hereafter referred to as “Alloy D” 
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that the cracking occurs below the solidus. The possi- 
bility that some or all of the cracks could have 
occurred during solidification, in the manner described 
by a number of investigators for aluminium-base 
alloys,’: *» ® would appear to have been rejected be- 
cause of the short solidification range of aluminium 
bronze. This view has received support from the fact 
that, as casting alloys, the aluminium bronzes are not 
particularly subject to hot cracking. 


EXPERIMENTAL WORK 


The tests which are to be described were initiated in 
connection with the manufacture of some condenser 
shells in 2-in. thick Alloy D aluminium bronze. The 
shop concerned, being especially skilled in this par- 
ticular art, wished to use the double-operator argon-arc 
process for making the joints. In this method the plate 
is set up vertically, and two operators work simul- 
taneously from either side, one feeding filler wire and 
the other controlling penetration. In this way, full- 
penetration welds may be made in a single pass, thus 
avoiding the chipping-back operation required prior 
to making the sealing run of a multi-pass weld. How- 
ever, all attempts to make a double-operator weld with 
Alloy D plate and 93-7 filler wire failed, owing to 
extensive longitudinal cracking (Fig. 1). Further tests 
with 10°, aluminium bronze wires were also unsuccess- 
ful, due not to cracking but to excessive dross forma- 
tion, which was considered to result from the oxidation 
of iron (about 3°) contained in all the commercial 
wire available at that time. Welds of higher aluminium 
content were therefore made by adding aluminium 
wire directly during welding, by using a twisted 93-7 
aluminium bronze/aluminium filler wire, and by arc 
melting 93-7 aluminium bronze wire with aluminium 
to make an approximately 90-10 composition. In no 
case was the weld bead uniform in composition, but 
where the average aluminium content of the weld bead 
exceeded 7-6°, visible cracking was eliminated. 

At the same time, experiments were carried out with 
inert-gas metal-arc welding. Two types of wire were 
used: one of nominal 95° Cu-5°% Al composition, 
the other being the »-in. 93° Cu-7% Al wire used 
for the argon-are welds. A double 90° V-preparation 
with ¥-in. root face was made in }-in. plate, and a 
single run made down one side. All welds made with 
the 95-5 wire cracked, and all those made with 93-7 
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Table I 
RESULTS OF WELDING TESTS 
| Welding | Aluminium Macro- 
Technique Speed, | Filler Wire Content of examination Microstructure 
| in./min Weld Beads 
| 
Double-operator About 2 | }-in. and 4-in. | 6:06 °%, 6°23 °%, All showed Cored alpha crystals with 
argon-arc welding | aluminium bronze, 6°29 %,, 6°38 °% gross dark-etching, intergranular 
193% Cu-7% Al | longitudinal constituent (probably beta). 
| nominal composi- cracking Extensive intergranular 
| tion fissuring. Coarse dendritic 
structure. 
| t-inand 4-in 7°57 %, 7°66 %, No visible | Weld beads not uniform: 
93~—7 wire, with 7-9, 830°, cracking | structures ranging from cored 
99°8°. Al added | alpha to regions of continu- 
| in various ways ous beta. Some intergranular 
| fissuring in alpha regions, in 
| one instance extending through 
| interdendritic alpha—beta 
| eutectic in a duplex region of 
low beta content. Otherwise 
| no fissuring in duplex regions. 
| | Tendency for alpha to occur 
at centre of weld bead section. 
| Intergranular cracking in 
| | parent metal close to the weld 
boundary 
Cast rod of 90° | 80° | No visible No microfissuring. Small 
Cu-10", Al cracking amount of alpha in centre of 
nominal composi- | weld. 
uon ! 
Inert-gas metal-arc pro- About 12 | 4-in aluminium $O%, SIA, Fine trans- | Cored alpha crystals with 
| cess. Single run on one bronze, 95°, Cu 5°6% verse cracks substantial amount of dark- 
side of }-in. plate pre- 5°, Al nominal | running from etching intergranular constit- 
| pared with double 90° V, composition centre-line of | uent (probably beta). Extens- 
| it face weld to | ive intergranular cracking 
| boundary. | originating at root of 5-0°% 
No centre- | and 5-1°% Al weld. Some inter- 
line cracks | granular fissuring in 5°6°, Al 
| except in | weld. Fine dendritic structure. 
crater 
ty-in 93—7 alumin- 6°3°%, 64% No visible | Heavily cored alpha crystals 
ium bronze cracking with small amount dark- 
| etching intergranular con- 
stituent. Small amount of 
interdendritic alpha—beta 
eutectic. No fissuring. Fine 
dendritic structure. 
metal-are pro- About 12 | 4-in 93-7 alumin- About 6°, No visible Root run structure shows 
Single run on one side ium bronze semen on a to have a 
} of 1 plate prepared | ore bending piace, with reduction in the 
: double 90° V, amount of intergranular 
ground back and filled on | constituent, some films how- 
second side with three ever remaining. 
} 








wire were sound, as judged by visual examination and 
radiography. The compositions of the plate and some 
of the filler wires used are given in Table I, and the 
results of the welding tests in Table II. 

Certain welds, with the corresponding plate and 
wire, were also analysed for bismuth and lead con- 
tents, and the results are included in Table I. The 
bismuth contents are all below, and with the exception 
of the +y-in. 93-7 wire the lead contents are above, the 
embrittlement level according to the B.N.F.M.R.A. 
work reported by Mantle.*® 

Manufacture of the condenser shells started, these 
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experiments having shown that crack-free deposits 
could be obtained with 93-7 filler wires using inert-gas 
metal-arc welding. For convenience, it was desired to 
carry out most of the welding from the outside of the 
shells, and a symmetrical double-V preparation was 
employed, the first run filling the inside groove. In 
order to reach completely sound metal, it proved 
necessary to grind back a considerable depth into the 
first (root) run, and three runs were required on the 
outside to fill the resulting (face) groove. Coupon 
plates attached to longitudinal seams were subjected 
to mechanical tests, and it was found in bend testing 
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Fig. 1-Dual-operator argon-arc weld in alloy D plate using Fig. 3—Dual-operator argon-arc weld boundary showing micro- 
93-7 filler plate 4 crack at plate surface 140 


that severe embrittlement of the first (root) run had iron-rich constituent, kappa-phase, and were grossly 
taken place, while the final (face) run remained fissured. Those to which aluminium had been added 
ductile. were non-uniform in structure, consisting of alpha 
MICRO-EXAMINATION regions in a substantially duplex (alpha—beta) struc- 
ture. A few of these welds contained internal cracks. 

In most cases the cracking observed was in single- 

Those welds made with 93-7 wire had a cored phase regions, and was intergranular, but one of the 
alpha structure containing a fine dispersion of the welds contained regions where a smail amount of 
interdendritic alpha—beta eutectic was present, and 


Argon-arc Welds 


—-" 





\ 


Fig. 2—Dual-operator argon-arc weld in alloy D plate using 
93-7 filler wire with added aluminium, showing inter- Fig. 4—-Dark-etching, intergranular constituent, probably beta- 
dendritic cracks through alpha—beta eutectic regions ~ 60 phase. Argon-arc weld 550 
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Fig. 5 


through which cracking had occurred (Fig. 2). In two 
specimens having a duplex weld structure microcracks 
were also observed in the parent metal close to the 
weld boundary, particularly at the plate surface 
(Fig. 3). A dark-etching intergranular constituent was 
invariably found to be present in the vicinity of the 
intergranular cracks, both in weld and parent metal 
Fig. 4). This constituent could not be identified with 
certainty, but its etching characteristics were similar to 
those of the beta-phase. 
Single-run Inert-gas Metal-arc Welds 

[hese were all alpha-phase with dispersed iron-rich 
ticles, and differed from the argon-arc welds in 

g a finer dendrite structure, although the grain 


is much the same. The intergranular constituent 


4 


pt 
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Fig. 6—As Fig. 5, showing intergranular fissuring 90 
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Inert-gas metal-arc weld made with 93-7 filler wire embrittled in first run of a four-run weld. Section of bend test specimen 
6 


was present in all welds, but to a greater extent in those 
made with a 95-5 wire than in those made with the 
93-7 wire. Microcracking was present in the 95-5 
welds, but not in the 93-7. Cracking was intergranular 
in all cases, and was concentrated at the root of the 
weld. There were no cracks in the parent metal. 


Multi-run Inert-gas Metal-arc Welds 
Sections taken from a fissured bend test piece and 
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Fig. 7—As Fig. 5, showing dark-etching, intergranular constitu- 
ent in first run 
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- Root bends 


Fig. 8— Bend test pieces in {-in. alloy D inert-gas metal-arc welded with 93-7 filler wire. As-welded and heat-treated for 1h and 2h at 
800 ¢ 


also from unstrained material showed that prior to 
bending the weld metal was completely sound. Failure 
in bending was intergranular (Figs. 5 and 6) and, 
although some homogenization of the root run had 
taken place, a small amount of the intergranular con- 
stituent persisted (Fig. 7). 


DISCUSSION 


It is clear from these tests, incomplete and incon- 
clusive though they may be, that the aluminium con- 
tent of the weld metal and the welding process are 
important factors in the cracking of 93-7 aluminium 
bronze welds. Below a certain limiting aluminium 
content cracking is likely, this limit being lower for 
inert-gas metal-arc welding than for the argon-arc 
process. The difference between the two methods may 
be partly due to speed, since double-operator argon-arc 
welding of 3-in. thick plate is very slow (1-2 in./min), 
whereas inert-gas metal-arc welding is relatively fast 
(about 12 in./min). 

With the exception of those welds which cracked on 
bending, there was clear evidence that fissuring had 
occurred at high temperature, probably above the 
solidus, and there was no indication of cold-cracking 
(strain-lines at the root of the crack, for example). The 
most probable explanation for the defect is that when 
argon-arc welding is used the welding speed and 
diffusion rate for aluminium are such that a thin 
aluminium-rich film occurs at the grain boundaries. 
This film persists as a liquid long enough to cause 
intergranular fissuring. It is likely, of course, that the 
presence of low-melting-point impurities, such as 
bismuth or lead, will increase the sensitivity to crack- 
ing by lowering the solidification temperature of the 
intergranular film, but it must be emphasised that 
93-7 aluminium bronze is intrinsically hot-short 
under certain welding conditions. Where fissuring 
does not occur, the aluminium-rich film solidifies as a 
degenerate eutectic or as a film of beta-phase lying at 
the alpha grain boundaries, so that when reheated at 
about 600°C the weld metal may be embrittled by the 
formation of the gamma,-phase, in the manner 
described by Shedden and Pumphrey.* 

In multi-run welds, reheating to this temperature is 
likely to occur, and therefore intergranular embrittle- 
ment of initial runs by the formation of gamma,-phase 
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from the meta-stable beta-phase would explain the root 
bend test failures obtained. This view is supported by 
the results of solution-treatment experiments carried 
out at temperatures between 700° and 900°C, It was 
found that ductility was completely restored by heatiig 
for 2h at 800 C and rapidly cooling in air, or by heating 
for shorter times at higher temperatures (Fig. 8) 

It is unfortunate that the widely used A.S.T.M. 
specification B.169 Alloy D should bracket a composi- 
tion range which is so sensitive to weld cracking. One 
solution to the problem is to use a filler rod containing 
about 10°, aluminium, which ensures a duplex 
structure in the weld for normal dilutions. This, how- 
ever, is Open to the objection that the corrosion and 
creep properties of the weld metal may be inferior to 
those of the parent metal. Nor does it overcome the 
problems of cracking in the parent metal, lack of 
uniformity in the weld with low-speed welding, or 
high dilution welds. A better solution might be to use 
plate and filler wire containing more than 7°, alumin- 
ium; in other words, always to work at the top end of 
the specification range. Further investigation, with the 
object of determining an acceptable lower aluminium 
limit, and acceptable maxima for all potentially harm- 
ful impurities within the B.169 Alloy D range, is 
highly desirable. 

Later tests have shown that embrittlement may be 
obtained in multi-run inert-gas metal-arc welds made 
with Alloy D filler wire; also, when using Alloy E 
filler wire under conditions of high dilution with 
Alloy D plate, an appreciably more crack-sensitive 
alloy may be produced than when using Alloy D wire. 

CONCLUSIONS 

(1) Double-operator argon-arc welds made under 
the conditions described in this paper are much more 
subject to cracking for any given aluminium content 
than inert-gas metal-are welds. 

(2) Hot cracking in welds may be eliminated by 
maintaining the aluminium content above a certain 
level. The safe level for aluminium content is lower with 
inert-gas metal-arc welds than with argon-are welds. 

(3) Multi-run inert-gas metal-arc welds made with 
93-7 wire may show some degree of embrittlement, 
presumably due to the formation of brittle gamma,- 
phase as a result of reheating by successive runs. 


BRITISH WELDING JOURNAL 








244 RADIOGRAPHIC EXAMINATION OF WELDS IN MILD STEEL 


Nm 


J. W. SHEDDEN and W. I. Pumpurey: J. /nst. Metals, 1955, 
vol. 83, p. 562. 


E. C. MANTLE: Engineering, 1951, vol. 172, p. 443. 
F. E. Garriott: Welding J., 1952, vol. 31, p. 18. 
ACKNOWLEDGMENTS . H. Rosinson and J. H. BeRRYMAN: /bid., 1951, vol. 30, p. 7. 
The authors wish to thank the British Non-Ferrous D. C. Moore and E. A. Taytor: Brit. Welding J., 1955, 
Metals Research Association for carrying out analyses vol. 2, p. 427. 
for bismuth and lead, and the Directors of the A.P.V. 7. S. L. Ancusutt, J. D. GroGan, and J. W. Jenkin: J. Inst. 
Co., Ltd. for permission to publish this paper. Metals, 1928, vol. 40, p. 219. 


(4) Further investigation is required to establish 
specification limits for impurities and aluminium con- 
tent in alpha-aluminium bronze used for welding. 


aw Py 


8. J. Verd (Translation): Met./nd. (London), 1936, vol. 48, 
REFERENCES pp 431, 491. 
1. E. C. RoLLASON and W. D. Marsu: Welding, 1947, vol. 15, 9. A. R. E. Sincer and S. A. Corrrec: J. Inst. Metals, 1946, 
p. 252. vol. 73, p. 33. 


THE RADIOGRAPHIC EXAMINATION OF WELDS IN MILD 
STEEL PLATES BY X- AND GAMMA-RAY SOURCES AND 
SOME OBSERVATIONS ON A.S.M.E., B.W.R.A., AND D.LN. 
PENETRAMETERS 
SYNOPSIS 
Ix this report tests made with X-rays and three gamma-ray sources, and three types of penetrameter 


ire discussed in relation to the radiographic e xamination of welds in mild steel plates, $, 1, 14, and 


? in. thick. It is shown that the D.I.N. wire penetrameter provides a more reliable guide to the 


uality of the radiographic technique than do either the B.W.R.A. or A.S.M.E. step types. It is 
ilso shown that a good X-ray technique is superior to any gamma-ray maa pe but that, as the 
vess of the steel under examination increases, the differences between the X- and gamma-ray 
techniques become less pronounced. Iridium 192 is a reasonably satisfactory gamma-ray source for 
e examination of welds in steel, 4 in, and upwards in thickness, Caesium 137 is satisfactory above 


in., but Cobalt 60 is unsatistactory for thicknesses less than 2 in. The tests were all conducted 
inder laboratory conditions and considerations such as portability of source and accessibility of 


which in practice might favour the choice of a gamma-ray source, were therefore not relevant 


Introduction 
F UR mild stee! butt-welded plates, 4, 1, 14, and 2 in. 


thick, were examined by X- and gamma-rays from 
Iridium 192 (Ir 192), Caesium 137 (Cs 137), and 
Cobalt 60 « 0 60) sources. A total of 38 exposures was 
made and in every test A.S.M.E., B.W.R.A., and 
D.IL.N pene trameters were placed in the vicinity of 
the weld 
The objects of the work were: 
(i) to observe how the sensitivity of each penetrameter was 
related to the particular radiographic technique. and 


(it) to make an assessment of the suitability of each radiation 
source for the four thicknesses of steel considered. The 
results are presented in Tables I, I, Ll, and IV. 


ASSESSMENT OF PENETRAMETERS 

In order to find a common basis of comparison for 
the various sources, it was first necessary to decide 
which of the three penetrameters provided the most 
satisfactory guide to radiographic quality. The 
A.S.M.E. and B.W.R.A. penetrameters are of the step 
type and the sensitivity figures derived from their use 
were based on the visibility of the hole in the step, in 
the case of the A.S.M.E. penetrameter, and on the 
visibility of the perforated numbers, in the case of the 
B.W.R.A. penetrameter. The D.I.N. penetrameter is 
composed of wires of graded diameter and the 
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thinnest wire which was just visible was taken as the 
measure of sensitivity. Full details of these penetra- 
meters are given in the Appendix. In each instance, 
penetrameter sensitivity was calculated as a_per- 
centage by use of the formula: 
thinnest element visible 
thickness of specimen 


It should be noted that a small value of penetrameter 
sensitivity is associated with a good radiographic 
technique and a large value of penetrameter sensitivity 
is associated with a poor radiographic technique. 
When salt screens are used, the grainy nature of 
even fine-grain calcium tungstate screens results in the 
definition of the radiograph being impaired. For thin 
sections, however, the gain in contrast produced by 
salt screens may appear to off-set the loss in definition. 
The use of salt screens in Test 1 (Table I), Test 15 
(Table II), Test 23 (Table IID), and Test 31 (Table IV) 
should therefore be indicated, by a sensitive penetra- 
meter, as slightly inferior to the other X-ray techniques 
where salt screens were not used. On reference to the 
tables it will be seen that the D.I.N. and B.W.R.A. 
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Report FE 18 RP/64 A/58 of the B.W.R.A. issued to members in 
January, 1958, and prepared for the Radiographic Panel and 
FE 18 Committee on Non-destructive methods for the 
examination of welds in April, 1957. 
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Table I—TESTS ON }-IN. STEEL PLATE 



































4 B c | D E F G H I J K L M 
Source Exp., Dey. Penetrameter 
Test Film S.F.D., mA-m Film Dev. time at Film sensitivity, °%, 
No. No. Type Size, in. or type 68° F, Density 
mm me-h min A.S.M.E.| B.W.R.A. | DAN. 
; 4 | x95 20 9 Ix.s* | D.19b 5 4 | 10 2-0 1-2 
2 l X150 20 16 ILC D.19b 5 1-9 1-0 1-0 0-8 
3 2 X155 20 16 ILC D.19b 5 3-2 1-0 1-0 0-8 
4 3 X200 - 40 16 ILC D.19b 5 1-9 1-0 2-0 0-8 
5 | 730a | Ir192} 2x2 9 455 cx | Dx80} 8 3-4 2-0 4-0 1-6 
6 | 730b Ir 192 2x2 9 455 Cx DxX.80 12 4-2 2-0 40 1-6 
, 4 12 Ir 192 4~4 10 1167 ILC D.19b 5 1-8 1-0 4-0 1-6 
s 5 Ir 192 4x4 20 4500 ILC D.19b 5 1-7 1-0 40 1-6 
| 732a | Cs 137 2x2 9 198 Cx DX.80 8 3-0 40 4-0 26 
10 732b | Cs 137 raf 9 198 Cx DX.80 12 3-7 2-0 4-0 2-4 
ll | 13 Cs 137 Zhe 10 750 ILC D.19b 5 1:8 1-0 4-0 2-0 
12 | 6 Cs 137 2X2 20 2500 ILC D.19b 5 2-0 1-0 40 2-0 
} 
13 | 7T3la | Co60 2x2 9 9595 Cx DX.80 8 2:7 4-0 6-0 3-9 
14 731b | Co 60 2x2 9 95 Cx DX.80 12 4:2 4-0 6-0 3-2 
































* Industrex S film with fine-grain calcium tungstate screens 


KEY TO SYMBOLS AND ABBREVIATIONS USED IN TABLES I, I, Il, AND IV 


Column C: X followed by a number indicates the use of X-rays at a kilovoltage value corresponding to the number, e.g. 
X95 means X-rays at 95 kV. ‘Ir 192’, ‘Cs 137’, and ‘Co 60° have their usual significance 
Column D: The expressions ‘2 x 2’ and ‘4 « 4’ indicate isotope sources in the form of right circular cylinders with the dia- 


> 


meter and length equal, e.g. ‘2 x 2’ means a cylinder 2 mm diameter and 2 mm long 


Column E: ‘S.F.D.’ is a contraction for source-to-film distance 


Column F: ‘Exp.’ is a contraction for exposure. For X-rays, exposure is measured in milliamp-minutes (mA-m) and for 


gamma-rays in millicurie-hours (mc-h) 


Column G: ‘Ix.S’ indicates Kodak Industrex ‘S’ film. ‘ILC’ indicates Iiford Industrial ‘C’ film. ‘Cx’ indicates Kodak 


Crystallex film. ‘Il.B’ indicates Ilford Industrial ‘B’ film 


Columns H and I: ‘Dev.’ is a contraction for ‘developer’ in Column H and ‘development’ in Column I. ‘D.19b’, ‘DX.80", 
and ‘PQX.1’ are the names of proprietary developers. The first two are made by Kodak and the last one by Ilford 
Columns K, L, and M: Sensitivity values given here are averaged through readings of several persons 


penetrameters clearly indicate the superiority of the 
X-ray technique in which salt screens were not used, 
over the X-ray techniques where salt screens were 
used. However, the A.S.M.E. penetrameter indicated 
this difference in quality for the 1}-in. plate only 
(Table I1I—Tests 23 and 25). 

A mathematical correlation was made between each 
pair of penetrameters for each thickness of steel. This 
analysis shows that within the thickness range 4-2 in. 
there is good correlation between the D.I.N. and 
B.W.R.A. penetrameters, but that the A.S.M.E. pene- 
trameter provides no correlation with the other two 
penetrameters for the tests at 14 and 2 in. The 
A.S.M.E. penetrameter was therefore regarded as the 
least reliable of the three penetrameters and only the 
D.I.N. and B.W.R.A. results were considered in 
assessing the relative merits of the various radio- 
graphic techniques. 

ASSESSMENT OF SOURCES 

On the basis of the D.I.N. and B.W.R.A. penetra- 
meter sensitivities, the radiographic qualities of the 
various techniques are shown graphically in Figs. | 
and 2. In all the techniques involving isotope sources, 
fine-grain films were used. It should be noted that 
although the actual sensitivity figures obtained from 
the D.I.N. penetrameter are quite different from those 
obtained from the B.W.R.A. penetrameter, both 
penetrameters reflect adequately the quality differ- 
ences between techniques, and the observations which 
follow are relevant to both Fig. | and Fig. 2. 
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The X-ray source, irrespective of technique, gives 
the best quality of radiograph for }-in. thick steel plate. 
For a l-in, thickness of steel, the X-ray techniques 
which do not involve the use of salt screens give a 
better quality of radiograph than any of the gamma- 
ray sources, and the salt screen X-ray technique is 
slightly better than the Ir 192 technique. At a steel 
thickness of 14 in., the X-ray technique with lead 
screens is superior to any of the isotope techniques, 
but the X-ray technique with salt screens is inferior to 
the Ir 192 technique and is only comparable with the 
Cs 137 technique. At a steel thickness of 2 in., the 
X-ray technique still produces the best radiographs 
but the Ir 192 and Cs 137 techniques are rather better 
than the X-ray technique with salt screens. Results 
only slightly poorer are given by the Co 60 technique. 

CONCLUSIONS—PENETRAMETERS 

The wide variation between the sensitivity figures of 
the three penetrameters, when compared under the 
same radiographic and photographic conditions, illus- 
trates very clearly how important it is to specify sensi- 
tivity in relation to a particular penetrameter and the 
way it is read. If this is not done a sensitivity figure can 
have little meaning. 

The D.I.N. penetrameter provides the best indica- 
tion of the quality of the radiographic technique for the 
range of specimen thickness considered in this report. 

The B.W.R.A. penetrameter distinguishes between 
different techniques better in the range | }—2 in. than it 
does in the range 4-1 in., although it is somewhat 
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Table II—TESTS ON 1-IN. STEEL PLATE 
! B ( D f I G ne l | J A l Ml 
Source Exp., Dey Penetrameter 
Test Film S.F.D., mA-m Film Dev. | time at| Film sensitivity, ° 
No No Type Size, in or type 68 F, Densit) 
mm meh |} min | A.S.M.E.| B.W.R.A. | DLN. 
15 x X120 20 12 ix.S* | D.19b | = 5 1-5 0-5 2-0 1-0 
16 7 X240 40 20 11.€ D.19b | 5 2:1 0-5 1-0 0-6 
17 736 Ir 192 2x2 18 2713 Cx DX.80 8 4-0 1-0 2-0 1-6 
18 9 Ir192| 44 20 9000 ILC D.19b 5 1-9 0-5 20 | 10 
19 738 Cs 137 2x2 18 1275 Cx DX.80 8 3-8 I 2-0 1-8 
20 10 | Cs137] 2™2 20 2750 IC | D9} 5 1-7 1-0 2-0 1-2 
4 737 Co 60 2x2 18 712-5 Cx DX.80 8 3-6 2-0 3-0 2-0 
| 22 1! Co 60 2x2 20 1750 11.€ D.19b 5 1-9 1-0 2-0 1-6 
«St with fine-grain cak n tungstate screens 
e to change in technique. (This is illustrated For a steel thickness of 4 in., an X-ray technique 
fable III, Tests 24 and 25. In both these tests using salt screens gives a radiograph quality which is 
300-kV X-rays were used, but in Test 24a medium- _ better than that given by an isotope technique. For a 
was used w eas in Test 25 the film was fine- steel thickness of | 1n., an X-ray salt screen technique 
rhe film would be expected to give _ is of similar quality to that given by Ir 192 and Cs 137 
radiograph than the medium grain _ but for thicknesses greater than 14 in. it ts inferior to 
dicated | D.1.N. penetrameter isotope techniques using Ir 192 and Cs 137 with fine- 














res the B.W.R.A,. penetra- grain film. For a steel thickness of 2 in., an X-ray salt 

tives the same sens h case) screen technique is no better than an isotope technique 

\.S.M.E. penetrameter ry little value in using Co 60 with fine-grain film. 

» the quali a rad lic technique for Of the three isotope sources used, Ir 192 gives appre- 
pec ckness lered here ciably better results than either Cs 137 or Co 60 for 
CONCLUSIONS—SOURCES r—"""T a 6 : 

\ X-ray technique gives a better quality of 
thar tope source for the range of 
me j .; ‘ Nort 
e oe 
St . 
x A oys with & screens 
@ X-rays with fine gr 
film ond lead scree 
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i ee 
W ee \ 
. e hal \ 
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Fig. 1—D.1.N. penetrameter Fig. 2—B.W.R.A. step penetrameter 
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Table III—TESTS ON 1}-IN. STEEL PLATE 
So D I / G H ro 9: t Se. a ee 
| ae ee SS eae Se 
Source Exp., | | Dev. | Penetrameter 
Test Film | S.F.D.,| mA-m | Film | De time at | Film sensitivity, °% 
No No Type Size, in. | or type | | 68 F, | Density spentainnmapeiipgnainiiaeminensnianiquiiligniliat 
mm me-h | min | | A S.M.E. | B.W.R.A. D.LN. 
23 23 X200 30 12] S*| D199] 5S | 14 | 13 | 23 | 10 
24 22 X300 | 40 10 | U.B D.19b | 5 2:1 0-7 1-0 0-8 
25 21 X300 | 40 30 ILC D.19b 5 1-9 0-5 1-0 | 0-6 
26 24 | Ir192| 4x4 20 13500 IC | D9} 5S | 18 | OF 16 | O8 
27 748 Ir192 | 4x4 27 19500 Cx PQX.1 3-0 oo er 1-6 | 1-2 
| | 
28 25 Cs 137 Xe 20 7750 ILC D.19b 5 2-0 1-0 2-0 1-0 
20 2% | Cos | 4x4 20 2750 1. D.19b 5 2 | ©? 1°38 7-3 
30 749 | Co60 | 4+4 27 2700 Cx PQX.1 x 3-6 Oo | 20 | 13 
* Industrex S$ film with fine-grain calcium tungstate screens 
thicknesses of steel up to and including 1} in. At2in., a hole % in. dia. drilled in each step. It is supplied for two 


the difference in quality between radiographs taken 
with Ir 192, Cs 137, and Co 60 is small. Apart from 
penetrameter sensitivity, radiographs taken with 
Ir 192 sources are crisper and have greater contrast 
than those obtained with Cs 137 and Co 60 sources. 
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\PPENDIX: Details of Penetrameters 


It should be noted that the thickness ranges indicated for 
particular sections of the penetrameters referred to below 
are those recommended by the institutions responsible for 
their designs. It is found in practice that these thickness 
ranges, particularly for the D.I.N., tend to be unrealistic, 
and that a section of a penetrameter may be used satis- 


steel thickness ranges: 


(i) 0-2 in., step thicknesses, in.: 0-005, 0-01, 0-02, 0-03, 0-04 
(ii) 2-4 in., step thicknesses, in.: 0-04, 0-05, 0-06, 0-07, 0-08, 
0-09 


4 


Only the 0-2 in. section of the penetrameter was used in 
the tests discussed in this report. 


B.W.R.A. Penetrameter 

This is a stepped-wedge penetrameter in the form of a 
steel strip } in. wide made in a series of steps $ in. long. In 
the section of the penetrameter intended for use on steel up 
to I} in. thick, a series of holes 0-025 in. dia. are drilled to 
form a numeral corresponding to the thickness of the step 
in thousandths of an inch. In the section intended for use 


on steel from 14-3 in., the holes forming the numerals are 
0-05 in. dia 
(i) 0-14 in., step thicknesses, in. : 0-005, 0-01, 0-02, 0-03, 0-04 
(ii) 14-3 in., step thicknesses, in. : 0-04, 0-05, 0-06, 0-08 


D.1I.N. (Wire) Penetrameter 
This penetrameter consists of steel wires of graduated 
thicknesses embedded in a case of thin rubber 
for use on four thickness ranges of steel 
The wire diameters for each range are: 


It is supplied 























SS ia iia ee =e an (i) D.L.N. FE.1: (0-2 in.); wire diameters, in.: 0-0039, 
ey on ~ = Mr ape — the specified —_ 0-0059. 0-0079. 0-0098. 0-0118. 0-0137, 0-0157 
In the tests discussed in this report only sections (@) and ()) (ii) DLN. FE.2: (2-} in.): wire diameters, in O-O1L18, 
of the D.I.N. penetrameter were required. 0-0157. 0-0196. 0-0235. 0-0274. 0-0313. 0-035 
. - (ii) D.I.N. FE.3: (}-14 in.); wire diameters, in.: 0-0316, 
A.S.M.E. Penetrameter é 0-0394, 0-0472, 0-0558, 0-0632, 0-071, 0-079 
This is a stepped wedge penetrameter in the form of a (iv) D.ILN. FE.4: (14-34 in.); wire diameters, in.: 0-059, 
steel strip } in. wide made in a series of steps 4 in. long with 0-079, 0-098, 0-118, 0-138, 0-157, 0-177 
Table IV—-TESTS ON 2-IN. STEEL PLATE 
1 B Cc D E I G H I 1 Pe cee L M 
_ | — — 
Source . Exp., Dev. Penetrameter 
Test Film — — | S.F.D., | mA-—m Film Dev. | time at Film sensitivity, ° 
No. No. Type Size, in. | or | type | 68°F, | Density -———_—__—_— . 
| mm me-h | | min | A.S.M E.| B.W.R.A.| D.LN. 
31 | 29 | X200| 30 63 | IxS | D.19 $ | 13 | @S 20 | 10 
32, | 28 | X300| | 40 | 32 | HB | D.19 $s |] 21 | Os 10 =| 0-65 
33 | 27 | X300 | | 40 | 96 | ILC | D.19b $s. | 20 0:5 08 | 0-5 
| : am | 
34 | 30 | Iri92} 4x4 | 20 | 24750 | WC | D.19b 5s | 18 0-5 7 | 09 
35 | 1521 | Ir192 | 4x4 | 36 | 51100 | Cx | PQX.I gs | 29 0-5 rs | 0-9 
= = 
36 | 31 | Cs137| 2x2 | 20 | 13250 | ILC | D.19b ; be 0:5 17 | O8 
37 | 32 Co 60 | 4x4 20 4500 | ILC | D.19b 5 | 22 0-5 2-0 1-1 
38 | 1522 | Cooo | 4x4 36 8850 Cx | PQX.! 8 3-6 0-5 5 | 10 
* Industrex S film with fine-grain calcium tungstate screens. 
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INSTITUTE OF WELDING 


Spring Meeting, 1958 


The following is the programme of the Spring Meeting of 
1958, to be held at Harrogate from 8th to 10th May: 


Wednesday, 7th May (in advance of meeting) 
2.15 p.m Golf Tournament at Oakdale Golf Club, Harro- 
gate 


hursday, 8th May 
Morning Visits to Richard Sutcliffe Ltd., Horbury, Wake- 
field; or to J. & H. McLaren Ltd., Leeds. 


Afternoon Visits to English Electric Co. Ltd., Bradford: or 
to Clayton, Son & Co. Ltd., Hunslet, Leeds. 


Morning Technical sessions at the Majestic Hotel 
‘Construction of Steel Railway Coaches”, by 
H. R. Roberts 
“Design and Fabrication of Diesel Engine 
Frames’, by S. Cooper and N. A. Deighton. 

Afternoon Visits to W. P. Butterfield Ltd., Shipley; to 
British Railways, N.E. Region, York; to Kirk- 
stall Forge Engineering Ltd., Leeds; or to The 
Yorkshire Imperia! Metals Ltd., Leeds. 

Evening Subscription Dinner at the Majestic Hotel. 


Saturday, 10th May 

Morning Technical sessions at the Majestic Hotel: 
“General Considerations in the Welding of 
Materials for Industrial and Chemical Plant”, 
by M. Birkhead. 
“The Welding of Aluminium Bronze and Cupro- 
Nickel”, by C. A. Terry and E. A. Taylor. 
“The Cracking of Aluminium Bronze Welds”, 
by J. F. Lancaster and D. Slater. 


The Leeds and District Branch of the Institute is co-operating 
in the organization of the meeting. 

There will be a special programme for ladies accompanying 
members. 

The papers to be presented at the technical sessions are pub- 
lished in the April and May issues of the Journal. 


Election of Members 


The following elections were made by the Council on 2!Ist 
November, 1957, and 18th March, 1958: 


Members (By-Law 6) 
S. F. Branch (Enfield); W. Harper Hill (Brentwood). 


Members 


G. Ashton* (Oldham); N. Booth (London): T. Brown* 
(Middlesbrough); C. R. Bunker* (London); R. Dickinson 
(Newcastle-upon-Tyne); F. L. Donnison (Bolton); J. M. 
Fairlie (Beckenham); W. D. Farrington (London); F. J. Gale* 
(Acot); J. C. Herriot (Glasgow); S. P. Mukherjee* (Calcutta); 
J. S. Phillips* (Elstree); P. Shaw (Newcastle-upon-Tyne); 
G. Sims-Davies (Epsom); J. S. Waring* (Rotherham); A. T. W. 
Williams* (Sierra Leone). 


Associate- Members 


G.S. Bhart (London); N. T. Burgess (Iver Heath); J. Carroll 
(Auckland E.L., N.Z.); E. Clegg (Blackburn); L. D. Connell 
(South Harrow); E. Cope (Middlesbrough); A. V. Creak 
(Hayes); B. B. Crowden (Birmingham); J. A. Donelan (West 
Harrow): G. A. Durose (Liverpool); R. G. Duxbury (Gosport); 
S. J. Harmer (Nairobi): F. E. Hemington? (Beckenham); 
J. K. Henderson (Norton-on-Tees); H. W. Hunt (Thornton 
Heath); M. V. Jackson (Sheffield); G. E. Jarrett (London); 
L. W. Jonest (Solihull); G. W. Jordan (Huntington); G. W. 
Lanfear (London); A. M. Mackie (Geneva); E. Mannerst 
(Welling); A. C. Martin (Birmingham); M. Matheson Macleod 
(Walsall); N. R. McConnell (Stretford); A. McNabb (Coulsdon) 
F. H. Mead (St. Albans); G. F. Mellor (Stretford); J. D. 
Morrist (Walsall); H. D. Munson (Christchurch); P. Nursall 
(Nottingham); A. Park (Airdrie); C. Phillips** (Hednesford); 
R.R. Service (Renfrewshire); A. H. B. Swan§ (Newcastle-upon- 
Tyne): D. B. J. Thomas (Hoddesdon); R. Thornton (Middles- 
brough); E. B. G. Trehearne** (Petershamj; C. F. Turner 
(Northwich); M. Waller (London); L. R. Wilson* (Worcester); 
R. C. S. Wilson (Port Sunlight); D. Wood (Urmston); D. V. 
Wright (Warrington). 

Companions 

J. R. Alder (Newcastle upon Tyne); R. S. Anyanjor (Port 
Harcourt); T. Birchall (Motherwell); D. D. Bradley (Newport); 
R. H. Callaghan (Lagos, Nigeria); A. L. Chappell (Addington); 
W. J. B. Chater (Croydon); W. A. Clapham (Ellesmere Port); 
V. J. C. Cooper (London); D. Copley (Newcastle-upon-Tyne); 
J. N. Green (Newcastle-upon-Tyne); F. W. Grey (Salisbury, 





* Transfer from Associate-Member ** Transfer from Companion 
+ Transfer from Graduate § Transfer from Student 
t Transfer from Associate 
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S. Rhodesia); J. A. Hassoun (Bulawayo); S. Heywood (Auck- 
land, N.Z.); D. W. Hope (Brewood); E. Kindler (Harlow); 
W. C. Laurie (Newhaven); S. Mandall (Welwyn Garden City); 
J. McCullock (Renfrewshire); J. A. F. Moore (Sheffield); A. 
Paterson (Hamilton); D. Romans! (Sheffield); A. Sheppard 
(Norwood Green); S. E. Taylor (Ipswich); S. Thomas (Hex- 
table); C. M. Tindale (Gateshead); L. J. Ward (Rickmansworth). 


Associates 

J. Astbury (Liverpool); E. W. Beever (Sheffield); J. Bensted- 
Dyson (Barrow-in-Furness); R. J. A. Bilby (Drybrook); E. D. 
Bowden (Walsall); R. V. Brimble (Newcastle); A. Burns (Altrin- 
cham); E. Carlson (Sunderland); J. H. Carroll (Stoke-on-Trent); 
A. F. Chesterman (Highworth); B. Chilley (Chester-le-Street); 
A. H. Clay (Birmingham); H. Cockburn (Manchester); R. W. 
Colclough (Stockton-on-Tees); A. J. Curry (Redditch); D. F. 
Davies (Nottingham); F. E. Day (Hounslow); M. G. Donald 
(Glasgow); D. Donnelly (Paisley); W. Edwards (Cardiff); 
W. H. Eyres (Ellesmere Port); T. Finnon (South Shields): 
W. E. Furnass (Penrith); A. Giddings (Bacup); D. L. Glynn 
(Hounslow); W. J. Greer (Watford); P. Griffin (Gillingham); 
G. Haines (Swansea); A. J. Harris (Ellesmere Port); D. G. 
Hayden (Chichester); L. A. Hilliard (Bletchley); A. Howe 
(Bristol); R. Jackson (Sheffield); C. A. Jardine (Harborough); 
A. R. Jefferies (Berkeley); E. Jones (Chorley): J. Kermeen 
(Scunthorpe); I, M, Lighten (Henfield); E. Lynch (Glasgow); 
J. S. Mackenna (Glasgow); T. L. Malpass (Crewe); S. Martin 
(Manchester); H. G. E. Mason (Northfleet); D. F. McNair 
(Glasgow): J. MePhail (Edinburgh); T. Middleton (Sunder- 
land); M. E. Moore (Ellesmere Port); E. K. Morgan (Bedwas, 
Mon.); G. S. Mounsey (Rock Ferry); D. O. Neave (Billingham- 
on-Tees); A. C. Noble (West Hartlepool); D. T. Nunn (Ipswich); 
J. Palmer (Cheddar); H. Pass (Rotherham); C. G. Piper 
(Southwick); H. Plume (Birmingham); W. C. Pryor (Liverpool); 
R. G. Redley (Locksheath); A. G. Richards (Southampton); 
F. S. Seel (Bristol); W. J. Shrimpton (Southwick); N. Shortt 
(Barnsley); D. J. Simons (Swansea); F. W. Smallwood (Palmers 
Green): J. R. Smith (Bristol); M. A. Smith (Glasgow); R. 
Smith (Salford); V. C. Soverall (London); F. Stephenson 
(Londen): B. Subbiah (Palni, South India); A. D. Sullivan 
(London): R. Tenty (Cirencester); T. W. Ward (Manchester); 
J.K. Wilkie (London); C. R. Williams (Rochester); H. Williams 
(Norwich) 

Graduates 

M. Beg (Karachi); D. Bowler (Shirland); A. H. Cox (Luton); 
J. S. Hall (Quebec): D. S. Honavar (Bombay); J. M. Humph- 
reys (Rotherham); H. T. Jenkins (Rotherham); P. G. Jenkins 
(Whitley Bay); B. T. Mannur (India); B. G. Marshall (Bre- 
wood): K. Myers (Ealing); T. D. Pipe (Sutton Coldfield); 
P. S. Rao (Madras State, S. India); B. S. Sandhu (Port Talbot, 
Glam.): H. G. Short (West Bromwich); J. Singha (Manchester) ; 
E. S. Slabbert (Wolverhampton): D. Slater (Redhill); K. D. 
Sondhi (Chittaranjan); C. R. Tedstone (Ellesmere Port). 


Industrial Corporate Members 

B.K.B. Electric Motors Limited (Birmingham); Caterpillar 
Tractor Company Limited (Lanarkshire); Central Electricity 
Authority (London); Dewrance & Company Limited (London); 
G.K.N. Group Research Laboratory (Wolverhampton); Hirst 
Electronic Limited (Crawley); International Combustion 
Limited (Derby); Robert Kellie & Son Limited (Dundee); 
Messrs. Kennedy & Donkin (London); Mobil Oil Company 
Ltd. (London); Old Park Engineering Ltd. (Worcester). 


First Annual Lecture 


Even a blizzard did not prevent about 100 members of the 
Institute and their guests attending the first Annual Lecture at 
headquarters to hear Professor Sir Alfred Pugsley, F.R.S., 
speak on the Influence of Welding on Structural Design. The 
Chair was taken by the President, Sir Charles Lillicrap, K.C.B., 
M.B.E., and the applause which supported the vote of thanks 
moved by Mr. Kerensky eloquently testified to the appreciation 
of the audience. Sir Alfred Pugsley’s lecture will be printed in 
the July issue of the Journal. 

After the lecture members of the Council entertained the 
President and the lecturer to dinner at the Normandie Hotel. 
The Vice-President, Mr. John Strong, presided and proposed 
the health of the two distinguished guests, to which both 
briefly replied. 
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Welding School Courses 


The following changes have been made to the programme 
announced in the January issue of the Journal: 
Course D 10 “Welding in Shipbuilding” announced for May 
will be held from 10th-14th November, 1958. 
“Control of Distortion” and “Residual Stress 
and Stress Relief’ will be held from 6th—10th 
October. 

Al! those who have enrolled for the courses have been 
informed. 


Courses D 12 
and D 13 


Appeal to Industry 


At the end of February the Council of the Institute launched 
an appeal to industry for increased financial support, to enable 
the Institute to meet the costs of the purchase and adaptation of 
its new headquarters and to finance an expansion of its technical 
activities over the next five years. The companies and firms 
which had guaranteed the cost of the British Commonwealth 
Welding Conference were asked to contribute to the new appeal 
the sums to the return of which they would have been entitled. 
Approximately £1500 had been contributed before the end of 
March. A list of contributors will be published later. 


Tibbenham Trust Fund 


The Council has accepted with warm thanks the offer of Mr. 
L. J. Tibbenham to endow a Prize Fund for the award of an 
Annual Prize to students of the Institute. 


Gifts from Branches 


The Council of the Institute has learned with the keenest 
appreciation of the intention of the North London Branch to 
present an epidiascope to the Institute for the furnishing of its 
lecture hall. The Council has also accepted with gratitude a 
donation of £25 collected by the South Wales Branch for the 
purchase of a chair for the Council Room. 


Southern Counties Branch 


At its March meeting the Council learned with regret of the 
decision of the Portsmouth Branch Committee to recommend its 
members to close the Branch at the Annual General Meeting in 
April. For some time the number of members in and around 
Portsmouth has not been adequate to sustain a Branch in full 
activity and the attendance at meetings has fallen off so that it 
has been necessary to suspend meetings in the latter half of the 
past session. 

The Council has recorded its appreciation of the efforts made 
by the Portsmouth Branch Committee and Officers in the face of 
difficulties which have grown increasingly grave in recent years 
It is a matter of great difficulty in the Southern Counties of 
England, where industry is comparatively scanty and membership 
is not therefore dense, to organize Branch activities satisfactorily. 

What is now proposed, in the hope of securing members of 
the Institute in this area lying between, say, Brighton and 
Weymouth, is to organize a Southern Counties Branch, centred 
on the present Southampton Branch, but holding occasional 
meetings in other towns. The Council feels that while the prob- 
lem is not as acute as it was during the war, when the Ports- 
mouth and Southampton Branches were founded, because the 
British Welding Journal comes to every member and so main- 
tains contact between him and the Institute, it is nevertheless 
most desirable as far as possible to provide for occasional meet- 
ings at Branch level for all members in the United Kingdom. 


Metal Spraying 

The Institute has always claimed to serve the industries allied 
to welding and among them Metal Spraying. In the recent 
revision of the Articles of Association, the Council took steps to 
enable it to meet effectively the demand which has occasionally 
been put forward in recent years that the Institute should open 
its membership to those engaged in the Metal Spraying industry. 
Circulars will shortly be addressed to a number of firms in 
this industry inviting them to become Industrial Corporate 
Members of the Institute and to make known among men 
engaged in the use of the Metal Spraying processes that personal 
membership of the Institute is open to them. The Institute's 
membership regulations have been amended so as to enable the 
Council to admit Metal Spraying personnel to all classes, on 
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proof of equivalent qualifications in their own branch of tech- 
nology to those required of other candidates for membership, 
and provision will, of course, be made for the reading and 
publication of papers on Metal Spraying subjects as soon as an 
effective demand exists within the Institute’s membership. 


British Conference on Automation and Computation 

The Council of the Institute has decided that the Institute shall 
adhere to the Engineering Applications Group of the British 
Conference on Automation and Computation, which is now in 
process of formation. The Conference is being organized in 
three groups with a liaison in the centre. It is not proposed that 
the Conference should organize meetings itself but that its 
function should be to co-ordinate the activities of its member 
societies in this particular field 


Spring Meeting 1959 (next year) 

The Spring Meeting of the Institute in 1959 will be held in 
London during the Engineering, Marine, Welding and Nuclear 
Energy Exhibition at Olympia. The technical sessions are 
intended to be held at the Institute in the mornings of one week 
in April, so as to enable visitors to attend some meetings of the 
Institute and go to the Exhibition as well 


BRANC 


High-Nickel Alloys 

The Welding of High Nickel Alloys” 
Ball of the Mond Nickel Company's 
18th December at 


Wolverhampton 
An instructive paper on 

was presented by Mr. F. A 

research laboratories at the meeting held on 

e Hollybush Hotel 

Mr. Bal 


described some of the main properties of the 

eir applications, particularly in high temperature 

He then gave some useful advice on the precautions 

¢ taken for successful welding; thoroughly clean surfaces 

C eK terials being especially important 

rhe or then described and illustrated four methods of 

\ 1g yy gas, inert-gas shielded (argon-arc and inert-gas 

c etal-arc, or resistance welding. For each method he 

N Ie s of the terials and procedures to be adopted ior 
es | fadricalior 

Before the discussion a colour film on the subject of the paper 

V own. The author replied to a number of detailed questions 

relation to specific materials 1.W.G 


Structural Tube Sections 


The January meeting, also at the Hollybush Hotel, was held 
on the | Sth, when Mr. G. B. Godfrey of Tubewrights presented a 
fully illustrated paper on ““Tubes and Hollow Sections”. 


The author reviewed, with the aid of many excellent slides, the 
progress and development in the use of tubes as structural 
members during the past century. He described some of the early 
bridges in this country made from hollow sections and the more 
recent constructions in Germany and elsewhere 

4 few of the examples were described in more detail and the 
welding methods and design details were given. Mr. Godfrey 
explained how tube sections could save considerable weight—an 
important consideration in a bridge—and could often simplify 
the detail design of the welded connections 

During the full discussion that followed, the author replied to 
questions dealing with high tensile materials, distortion and 
cracking, availability, and costs I.W.G. 


Nuclear Power Stations 

Mr. W. L. Partridge of A.E.I.-John Thompson Ltd. presented 
the paper for the meeting held on 19th February. It was entitled 
“Engineering Design for Nuclear Power Stations”, and the 
subject attracted a large gathering of members and visitors. 

Mr. Partridge first outlined the proposals for construction of 
nuclear power stations as contained in the findings of the 1956 
World Power Conference. He then described the station being 
constructed at Berkeley, and compared its design with those at 
Bradwell, Hunterstone, and Hinkley Point. He emphasized that 
the design of these reactors and of their ancillary equipment was 
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New Publications 


The Proceedings of the Commonwealth Welding Conference 
are nearly ready for publication. The book, which runs to over 
400 pages, fully illustrated, includes the 60 papers which were 
contributed to the Conference last June together with a full 
report of the discussions. Members of the Institute will be 
privileged to buy the book for 4 guineas. The price to non- 
members is 5 guineas. 

A year or two ago the Institute put in hand a comprehensive 
index to its Transactions and the supplement, Welding Research, 
which was published by the British Welding Research Associa- 
tion. The index is now completed and is being printed by the 
photo-litho offset process. It is hoped to offer copies at 25s. 
The index will, of course, be indispensable to any library which 
maintains a file of the Transactions and of Welding Research. 


Assistant Technical Officer 
The Institute of Welding needs an assistant to Mr. J. L. 
Sanders, the Technical Officer, particularly to serve the Tech- 
nical Committees, preparing agenda, minutes and reports. It is 
thought that some retired member of the Institute might be 
willing to undertake this as a part-time service. Any member 
who ts interested is invited to communicate with the Secretary 


H NEWS 


constantly developing, and many advances were 
being made even during construction 

After showing a colour film depicting various aspects of site 
construction, and two film strips taken recently on site, Mr 
Partridge replied to questions concerning economics and the 
radiation on the properties of the constructional 
materials used. 1L.W.G 


important 


effects of 


Birmingham— New Methods of Welding Mild Steel 

At the meeting held in the Grand Hotel on 20th December, a 
paper on “Shielded-Arc Welding of Mild Steel’’ was presented 
by Mr. A. Muir. The author dealt with the applications of the 
recently developed process which uses argon and oxygen, o1 
CO. as the shielding gases. He gave results of work he had 
carried out on the causes of porosity from which he judged that 
the problem could be overcome largely by strict control over the 
proportions of silicon and carbon in the welding wire. He had 
also found that there was a critical current range at about 
400 A with argon plus oxygen mixtures, but that this did not 
seem to apply to CO,,. K.H.P. 


Nuclear Energy Again! 

The very large attendance at the meeting held in the Grand 
Hotel on 14th March indicates that there is no lack of interest 
in any information on the applications of nuclear energy. But 
since the speaker was Mr. I. H. Hogg of the Atomic Energy 
Authority, well known to most members, and his subject was 
“Welding Problems in the Nuclear Energy Field” it was not 
surprising that there was a shortage of accommodation. 

In a remarkably short space of time Mr. Hogg described the 
production of uranium and the applications of the fissile 
material, together with the fabrication of the various units 
making up a nuclear reactor. 

For pipework, where stainless steel was used, argon-arc 
welding had been found to be the only satisfactory joining 
method. Pressure and flash welds had also been tried but were 
not sufficiently perfect. The author described a number of novel 
methods of welding and illustrated his remarks with slides. 

The building of the dome for the Calder Hall power station 
was described and details of the welding procedures and heat- 
treatment for relief of stress were explained. 

Mr. Hogg then went on to describe the types of reactor that 
were being constructed or considered at the present time, in- 
cluding those for use in transport. 

One of the main considerations in the design of a reactor was 
that of maintenance, and the author described various methods 
of remote control where welding or cutting had to be carried 
out. K.H.P. 
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South Waies—Things to Come 

On Sth and 6th March the Branch received at Cardiff and 
Swansea respectively, Mr. F. D. Hucklesby of British Oxygen 
Gases Ltd., who presented a paper on “Recent Developments 
in Welding and Cutting Processes”. 

Dealing first with the tungsten-are cutting of non-ferrous 
metals, the author stressed the quality of cut that could be 
obtained with the process and indicated that its low relative 
cost would make it an attractive proposition in the shipyard, 
where more and more light alloys were being used in super- 
structures. Following with the oxy-acetylene gouging method, 
the author considered that it would soon play a leading part in 
the preparation of J-type joints in the thicker materials, for it 
was more economical than existing mechanical methods. 

Mr. Hucklesbury then described the application of argon-arc 
spot-welding to the fabrication of wing structures in the aircraft 
industry. He also outlined the possibilities of developments in a 
recent process that combines the advantages of existing Argonaut 
and Sigma equipment L.M. 


North Eastern (Tyneside )}— Dinner 

The annual dinner of the Branch was held on 7th December 
at the Old Assembly Rooms, Newcastle upon Tyne, with the 
Branch Chairman, Mr. W. R. Mellanby, presiding. 

The toasts to the Institute and to the Guests were proposed by 
the Chairman and the replies were given respectively by Mr. 
R. E. G. Weddell (Past-President of the Institute) and Mr. 
R. C. Thompson, C.B.E., President of the N.E. Coast Institution 
of Engineers and Shipbuilders. A toast to the Chairman was 
proposed by Mr. T. Brown, his opposite number in the Tees- 
side Branch. 


Sheffield and District— Dinner 

The eleventh annual dinner of the Branch was held at the 
Royal Victoria Station Hotel on 6th January with the President, 
Mr. A. Robert Jenkins, in the Chair 

Sir Frederick Pickworth, Master Cutler and Chairman of the 
English Steel Corporation, proposed the toast of the Institute 
and the Branch, and the reply was given by Sir Charles Lillicrap, 
President of the Institute. The toast of the Guests was made by 
Mr. W. Alan Jenkins and the response came from Mr. P. J. C. 
Boville, Managing Director of Newton Chambers Ltd. 


East Midlands—Pressure Vessels 


At a meeting held on 18th November, Mr. B. K. Barber 
presented a paper on “Recent Developments in Welded Pressure 
Vessels”. 

The author reviewed the history of welded pressure vessels 
since the issue by Lloyd’s Register of the first specification on the 
subject in 1934. He listed the requirements of the present 
specifications, including testing and inspection, post-weld heat- 
treatment, and final pressure tests, and went on to discuss the 
various methods of welding that are used and the materials 
that have to be joined. Mr. Barber concluded his talk with a few 
comments on future trends in pressure vessel welding. K.H.E. 


Dinner 


The second annual dinner of the Branch was held at the 
Victoria Station Hotel, Nottingham, on 3rd December. Mem- 
bers and guests at the head table were: A. S. Johnstone (Past 
Branch President); Professor J. A. Pope (University of Notting- 
ham); Wing Commander J. M. Aiton (Branch President); 
A. R. Heaton (Chairman); J. Strong (Vice-President of the 
Institute); Dr. R. Weck (Director of Research, B.W.R.A.) and 
G. Parsloe (Secretary of the Institute). 

The toast to the Institute and the Branch was proposed by 
Professor Pope, and Mr. Strong replied. Wing Commander 
Aiton proposed the toast to the Guests and the response was 
made by Dr. Weck. K.H.E. 


East Midlands—-Repairs by Bonding 

Mr. D. H. Jones presented the paper at the meeting held on 
9th January with the title “Heavy Repairs and their Problems.” 

He described the Gussolite process whereby joins are made in 
cast iron by bonding without melting the parent material. The 
bonding temperaiure is about 850°C and a preheat of about 
400° is generally used, according to the thickness of the parent 
metal. 

The author gave details of the filler wires used and the 
method of using the oxy-acetylene torch. Some examples of 
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repairs on which the process had been used were illustrated by 
slides. K.H.E. 


Brains Trust 

The meeting on 3rd February took the form of a Brains Trust, 
with a panel of experts answering questions on any matters 
concerning welding. The Branch Chairman, Mr. A. R. Heaton, 
acted as Question-master. 


Leeds and District—-Come again 

A good paper will attract a “capacity” audience. This was 
demonstrated at the meeting held on 18th February, when Mr. 
J. McLean and Mr. J. A. Forrest repeated the paper “‘Fabrica- 
tion, Erection, and Welding of the Dounreay Sphere’’, presented 
to the Autumn Meeting of the Institute and published in the 
Journal 

The lecture was followed by a film of this project, and the 
number of questions that were put to the authors after the 
lecture was an indication of the great interest shown by the 
Leeds members E.E.B. 


Dinner Dance 
The Branch annual dinner and dance was held at the Mansion 


Hotel, Roundhay, Leeds, on 27th February. This popular 
function was attended by some 110 members and their guests. 


South Western— Dinner 


The Branch annual dinner was held at the Berkeley Restaurant 
on 18th February. The Branch Chairman, Mr. F. J. Wilkinson, 
gave the toast of the Institute and the reply was made by Mr. G. 
Parsloe, Institute Secretary. The toast of the Guests was pro- 
posed by the Branch President, Mr. A. J. Francis, with the 
response coming from the Chairman of the South Wales Branch, 
Mr. B. Gaydon. 


Manchester — Dinner 


The annual dinner of the Manchester Branch, held at the 
Grand Hotel, Manchester, on 10th March, with the Chairman 
of the Branch, Mr. H. Carter, presiding, was attended by over 
200 members and guests. The Branch broke new ground for the 
Institute by inviting the Right Reverend the Lord Bishop of 
Manchester, Dr. H. E. L. Greer, to propose the toast of the 
Institute. Dr. Greer’s eloquent and thoughtful speech made a 
strong impression upon all those present, particularly when he 
spoke of industrial relations, on which he is a recognized expert. 
On this subject the Bishop made six points, pleading first for a 
recognition by both sides in industry that the purpose of pro- 
duction is service to the community as a whole and not the 
benefit of either section of the industry itself. Secondly, he 
pleaded for more sincerity about the disclosure of profits and 
for a recognition of the fact that many of the difficulties arising 
in the human relationships in a factory were suitable for settle- 
ment by works councils. There was great need of imagination in 
approaching the other side, to put oneself in the other man’s 
shoes and to remember that saying thank you for a job well-done 
had a most stimulating effect. He thought that the Trades 
Unions and the Employers Federations continued to take up an 
attitude which, whatever its historical justification, was now out- 
of-date. Finally, Dr. Greer said that good human relationships 
were not a matter of manipulation by personnel experts or other 
machinery. They were primarily a matter of humanity in one’s 
approach to one’s fellow men. 

The Vice-President of the Institute, Mr. J. Strong, responded 
to the toast. The remaining speeches were made by Mr. G. R. 
Adamson, who, in proposing the toast of the Branch, stressed 
the need for improved education of welding apprentices, and by 
the Chairman, who responded to the toast. 


West of Scotland—Joint Meeting 

On Wednesday, 13th November, occurred an event which has 
now become established practice with the Branch—a joint 
meeting with the Institute of Structural Engineers. The subject 
of the lecture “Fabrication, Erection and Welding of the 
Dounreay Sphere’’ was most appropriate for such a joint meet- 
ing, as it was as much of interest to the structural engineer as to 
one whose concern was more specialized in welding. 

The paper was delivered by Messrs. J. McLean and J. A. 
Forrest, of Motherwell Bridge and Engineering Co., Ltd., Mr. 
McLean dealing with the shop fabrication arrangements 
followed by Mr. Forrest who described the ingenious manner 
in which the site erection problems were overcome. 
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Following the paper a technical film was shown. This was on 
the same subject as the lecture and had been made for the 
United Kingdom Atomic Energy Authority. This was under- 
stood to be the first public showing of the film. A feature of the 
occasion common to film premieres was the tight packing of the 
audience of 158 into the lecture hall. Such an attendance is an all 
too uncommon event for Branch meetings, but nevertheless 
encouraging on the rare occasions it is achieved. 

The subject was interesting, and the lecture informative and to 
the point. The vote of thanks to the speakers left them in no 
doubt of the appreciation felt by their audience. W.G.W. 


West of Scotland— Aluminium in Ships 

On Wednesday, 18th December, a paper entitled “Welded 
Alumiunium Ships Structures”, was given by Dr. E. C. B. 
Corlett and Dr. J. F. Leathard. 

Dr. Leathard described the fabrication and erection of large 
aluminium alloy superstructures on ships of recent construction, 
including Bergensfjord and vessels of Saguenay Shipping Ltd. 
A film of the work carried out on the Bergensfjord was also 
shown. By discussing the methods of the several builders con- 
cerned, he was able to illustrate the effect methods have on the 
fairness of the finished product. 

Dr. Corlett dealt ably with the ensuing discussion which was 
as lively as one could expect from a very small audience. 

The poor attendance was no compliment to the authors, who, 
nevertheless, delivered an excellent paper. It was also most 
disappointing to the Committee, who felt that the subject of the 
paper and the status of the authors, would have produced more 
signs of interest by the Clyde shipyards. W.G.W. 


North Eastern (Tyneside)—Shipyard Welding 

The following is part of the Chairman's Address, by Mr. W. R. 
Mellanby, delivered to the North Eastern (Tyneside) Branch on 
3rd October 1957 

It is generally agreed by those who have seen foreign shipyards 
that the modern yards abroad are often ahead of us in layout 
ind methods. The difficulties of the British shipbuilder so far as 
new equipment and layout are concerned have been many. The 
amount of capital available and the effect of high taxation are 
only part of the trouble: full order books, doubt about the 
ture, lack of space, and in some cases a disinclination to move 
th the times, are other contributory factors. 

It may be that this delay in capital expenditure may turn out 
w the best in the long run, if we take advantage of what the 
diate future offers in the matter of increased productivity 
ewer methods 
Having decided to lay out a shipyard, using welding as the 
main tool for joining the thousands of pieces together, one al- 
vays comes down to the problem of fabrication. The actual 
g of the host of pieces is the key to production. Assem- 
bling and erection are secondary; in fact, erection has never 
presented any difficulty in a well laid-out and equipped shipyard. 
The usual problem is that the erecting squads cannot be em- 
ployed to their fullest capacity because the work is not assembled 
in time. Analysing this position, it is found that assembling in 
its turn is delayed by the repaired plates and sections not being 
available when required. Assuming that the planning is correct, 
it is found that shortage of labour, space, or methods is the 
cause, and the flow of steel converted from the raw material into 
units prepared for assembling and welding into large sections is 
the major bottleneck 

This knowledge leads to an investigation into more modern 
methods of production, some of which if spoken about even a 
year ago would have appeared to be but a dream, but which to- 
day are facts. 

Shipbuilders and other steel fabricators will certainly have a 
number of new problems to consider in the immediate future. 
New machines, which include new methods, are available, and 
even newer machines are in the process of being prepared; these 
will cause a change in the industry, in respect of manpower and 
machines, as revolutionary as the change from riveting to 
welding has been. 

What is required is something quite new. The traditional 
method, of using a number of highly skilled crafts en to produce 
slowly under difficult conditions of dirt and noise what amounts 
to precision-worked pieces of steel, is a method too slow and 
liable to cause many inaccuracies and labour shortage. It is 
worth mentioning that this class of craftsman is becoming 
steadily in shorter supply. 


preparit 
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To return for a moment to the word precision; there is no 
doubt that to use the modern fast welding machine one requires 
perfect fit-up. The fast run with a submerged-arc welding 
machine can be ruined by a gap of only 0-015 in. What is 
required then? The problem can resolve itself if we introduce a 
third stage of development. This stage will not require enormous 
amounts of capital in the manner of the first two stages of ship- 
yard development: the change from riveting to welding, and the 
alteration of the shipyard layout to enable full use to be made of 
pre-assembling. The third stage may be called the machine age 
of shipbuilding or the automatic plate-production age; whatever 
it is called, this age will use automatic gas-cutting machines for 
the production of plates, coupled with a marked advance in the 
use of semi-automatic welding machines. 

If one considers this latter point of welding machines first, 
the machines worthy of comment are those which offer higher 
productivity and better weld quality. We are grateful for the 
increased speed of the twin-arc, submerged-arc machines. There 
is also the submerged-arc fillet welding machine; this is a marked 
step forward and one expects much more from this machine 
when the design of the structure is arranged for it, and the 
workmen get accustomed to using it. 

The new electric welding machine using CO, gas shielding is 
a real step forward; this machine also has the adaptability of 
being able to weld fillets. It has a more important advantage of 
being very much faster than the submerged arc, and it appears to 
be able to work out of doors. The new portal-beam machine 
recently exhibited will cause much comment and discussion; no 
doubt there is a big future for machines of this type. 

One has always felt that the fullest use of welding machines 
has been restricted by two major causes (labour troubles ex- 
cluded). First, the production of raw material which could not 
keep the machines continuously working; secondly, inaccurate 
work, due to either the errors of marking the plate, the poor 
plate-edge preparation, or faulty cutting of the plate, by 
machines such as shears, planing machines, or flame cutting 
machines. 

The low production in terms of actual welded feet per day, 
from all types of welding machines, is appalling, and in all fair- 
ness it must be made clear that this is not the fault of the 
machines, or in fact wholly the fault of the men who operate the 
machines, although some criticism is due to them for the careless 
way the machines are handled. The average shipyard worker 
has much to learn about handling and looking after the expen- 
sive and somewhat delicate modern machine tool. 

It has been found that there are three major reasons to con- 
sider (excluding the operator's lost time) viz. (1) machine break- 
downs, (2) moving the machine from job to job, and (3) the 
‘fit-up” of the edge preparation, causing delays. 

The first is a two-fold subject; on the one hand, the welder 
causes breakdowns by carelessness or ignorance, and also the 
mechanic or electrician finds much difficulty in diagnosing the 
cause of the fault. The remedy here is for the makers to have 
more demonstrators, expert in the art of teaching operators and 
mechanics to use the machines out in the workshop, not in a 
welding school or laboratory. I am sure firms would be prepared 
to pay for this service. 

Moving the machine from job to job is a problem; a section 
of three plates making an area of 30 ft « 30 ft can be seam welded 
in about 15 min if the edge preparation is good, but the factor 
of moving the machine to some other unit occupies a much 
greater time than the welding time. It may be that the portal- 
beam machine is the answer to this problem. 

The point of fit-up is a subject that one may be able to 
simplify. The perfectly rectangular plates are reasonably easy to 
produce accurately, but one finds more than a few occasions 
where the ‘straight line’ from a flame planing machine can have 
quite a curve in it. 

All of these faults may be overcome by careful attention to the 
machines, improved workmanship, and skill, but we find that 
out of the total of about 2600 plates that go into making the 
major structure and superstructure of a 12,000-ton d/w cargo 
ship, many of which are cut more than once, only 772 plates are 
rectangular, that is, 30°, are rectangular and the remaining 
70°, are all curved or shaped in one way or another. 

We also find that approximately 1076 plates could have their 
seams machine welded, but of these about 600 are rectangular 
and the remaining 476 plates are curved or shaped in some way 
that makes the fit-up required for machine welding almost im- 
possible. 

Thus, to get maximum efficiency from welding machines, 
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perfect fit is essential, and if one assumes all the rectangular 
plates are perfect, we are left with 2000 shaped plates which have 
to fit together, many of which could be machine welded if the 
fit-up were better. A better method of producing these plates 
accurately must be found, a method which will enable the 30-40 
ft long curved edges of, say, developed shell plates to fit together 
so that they may be welded without trouble by a submerged-arc 
welding machine. 

We also have to consider the balance of the 2600 plates pre- 
viously mentioned of which only 1100 can be machine-cut on a 
flame planing machine, leaving 1500 which have to be hand-cut 
in some way. All these methods are slow, using too many 
operators, and much too inaccurate for the high standard of 
welding now required in shipbuilding. 

A new method is now available and is being used by many 
shipyards abroad. In this country, three engineering firms are 
producing diesel-engine parts, agricultural machine tools, and 
rolling-stock units by this method. This new system is in fact 
even now being improved upon by British firms who are taking 
the electronic control a stage further than the machine referred 
to, and it is hoped that machines will be soon available. The 
advantage of the British machines is that full-scale or small- 
scale loft work can be used. 

This new method of plate preparation, which I am sure will be 
freely adopted in this country, first requires the installation of a 
flame cutting machine which is in the nature of a profiling 
machine cutting, by pre-arrangement, single plate, mirror image, 
or duplicate plate, by an extremely clever combination of 
electronic control and mechanical movement. On a machine 
with a capacity for cutting two plates of up to 40 ft 10 ft 
simultaneously, | have had demonstrated an accuracy of 
+-0-004 in. 

The tremendous advantage of machines of this type is that the 
inaccuracies of marking are overcome, in fact there is no marking 


of plates at all. Full-size development of plates may be made, 
but a 1/10 scale drawing has to be used in the final process. 

When watching these machines work, one is immediately 
struck by the cutting speed—+}-in. thick plate is cut at 20 in./min; 
but the important advantage is that the cutting is continuous. 
There is no operator having to stop and ‘straighten his back’, a 
very necessary operation with all hand-guided flame cutting 
machines. Shipbuilders I am sure will be interested to hear that 
I have seen four floor plates, i.e. two pairs of plates 28 ft by 4 ft 
approx., cut by one of these machines out of two plates, and the 
machine did not stop cutting until the perimeter of the plates, 
including all notches for longitudinals, were completed. What is 
more important, the German shipbuilding firm made a very 
elaborate test after 10 pairs of plates had been cut. The result 
of the test was that the main sizes were found to have an error of 
between 0-004 in. and 0-008 in., the notches cut in the long sides 
having an error of between 0-012 and 0-016 in. 

A German shipyard quoted, as a typical example of the 
economies so far achieved with this type of machine, that on the 
building of a large tanker a saving of 22°, of the cost of the plate 
work is directly attributed to the use of this cutting machine. 

One can visualize machines of this type working from scale 
drawings or even magnetic tapes which will contain information 
taken from the mould loft or mould drawing office, whatever 
scale is used. This will give us greater accuracy, e.g. a curve 
on one plate will be exactly the curve of its adjoining partner. 

To conclude, production engineering, particularly ship- 
building, is quite capable of increasing production and reducing 
costs by the development and use of automatic machines to 
replace existing laborious hand operations. 

The machines are available, and soon many makes will be 
on the market, and the result of the introduction of this new 
method will cause a great increase in the use of gas cutting and 
welding in the shipbuilding industry. 
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Henry Albert Barrett Associate-Member Birmingham 
W. E. Bennett Associate-Member East Midlands 
D. T. Jenkins Associate-Member  S. London 


Cc. W. Mudd Member N. London 
F. Pilling Member Manchester 
A. Smith Associate-Member Manchester 
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Professor J. F. Baker has been a Fellow of Clare College, 
Professor of Mechanical Sciences and Head of the Department 
of Engineering at Cambridge since 1943. 

Educated at Rossall School and Cambridge, he joined the staff 
of the Royal Airship works, Cardington, being engaged on the 
design of the rigid airship R.101. In 1928 he became Technical 
Officer to the Steel Structures Research Committee and was 
responsible for organizing and carrying out much of the research 
which led to the Committee’s Recommendations for the design 
of steel structures published in 1936. In 1933 he had been 
appointed Professor of Civil Engineering in the University of 
Bristol. On the outbreak of war he joined the Ministry of Home 
Security as a Scientific Adviser and became head of the Design 





Professor J. F. Baker M. Birkhead 
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and Development Section. In that capacity he was responsible 
first for the measures taken to protect industrial production and 
later for the design of all the standard forms of air-raid shelter, 
including the Morrison shelter. At Cambridge he has continued 
the investigation begun at Bristol on the behaviour of structures 
carried into the plastic range. This has resulted in a rational and 
economical plastic method of designing steel structures, des- 
cribed in his recent book “The Steel Skeleton”. He was elected 
Fellow of the Royal Society in 1956. 


M. Birkhead, Chief Metallurgist and Welding Engineer, 
W. P. Butterfield Ltd., Shipley, was educated at Penistone 
Grammar School and Sheffield University, where he obtained 
Associate degrees in ferrous and non-ferrous metallurgy. In 
1936 he joined the United Steel Companies Ltd. as a metallurgist 
in their Central Research Department. During the war years he 
worked on special problems connected with aircraft and 
armoured fighting vehicles. In 1944 he was appointed deputy 
head of the Welding Section of the Research and Development 
Department, where he gained a wide experience in the metallurgy 
and welding of carbon, alloy and stainless steels. He was 
appointed to his present position in 1954. 


T. M. Charlton studied engineering at Derby Technical 
College and University College, Nottingham. After graduating 
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in 1943 he joined the Ministry of Aircraft Production as a 
Junior Scientific Officer at T.R.E., Malvern. In 1946 he joined 
Merz and McLellan, Newcastle-upon-Tyne, and was concerned 
with the engineering of steam and hydro-electric power stations 
until he took up his present appointment as University Lecturer 
in Engineering at Cambridge in 1954. Mr. Charlton is author of 
a book “Model Analysis of Structures” (Spon, 1954) and 
contributor to “Hydro-electric Engineering Practice” (Blackie, 
1958). He is also the author of various papers on theory of 
structures and applied mechanics. 


A. Cibula, Head of the Melting and Casting Section of the 
British Non-ferrous Metals Research Association, gained his 
Natural Sciences Tripos at Cambridge in 1947. From 1942-46 
he was Assistant to the Works Metallurgist of Standard Tele- 
phones and Cables Ltd., after which he joined the B.N.F.M.R.A. 
as a Research investigator. Mr. Cibula took up his present post 
in 1957 and has been the author of several papers on grain 
refinement and solidification characteristics of cast alloys 


D. Slater, Chief Research Metallurgist of the A.P.V. Co., Ltd., 
Crawley, Sussex, was educated at King Edward's School, 
Birmingham, and Whitgift School, Croydon. After reading 
Metallurgy at Birmingham University, he joined the A.P.V. Co. 
in 1954 as Assistant Metallurgist, taking up his present position 
in mid-1957 


INTERNATIONAL INSTITUTE OF WELDING 
Ten Years of 1.1.W. 


The International Institute of Welding is publishing in July a 
bilingual booklet of about 200 pages in English and French to 
mark the end of the tenth year of its activity. This book will be 
put on sale in this country at a subscription price of 12s 8d post 
free. Orders must be received by the Secretary of the Institute 
of Welding before 15th June. 

The book will consist of two parts, the first containing six 


chapters, « ng with the foundation and objects of the L.1.W.; 
the methe work—administrative organization, technical 
structure, ation of work; liaison with other international 
organizatio effect of the work of LI.W. at a national level; 
the public s mn held at annual assemblies; and future oppor- 
tunities 

The second part will be devoted to the work of the technical 
Commissions and will consist of fifteen chapters, each drafted 
by the Ch in of the corresponding Commission. It will, 
therefore, cover the whole of the work of I.1.W. in the past ten 


ears and in respect of the following fields: 

Gas Welding and Allied Processes, Arc Welding, Resistance 
Welding, Documentation, Testing, Measurement and Control 
f Welds, Terminology, Standardization, Hygiene and Safety, 


Behaviour of Metals subjected to Welding, Residual Stresses 
nd Stress Relieving, Pressure Vessels, Boilers and Pipelines, 
Special Arc Welding Processes, Fatigue Testing, Welding 
instruction, and Fundamentals of Design and Fabrication for 
Welding 


There will be lists of member societies of the L.1.W., and of 
papers presented at the public sessions, etc., as appendixes and 
the book will contain photographs submitted by most of the 
member countries of the Institute. 


NEWS FROM INDUSTRY 
British Standard on Seam Welding 

The new British Standard on “General Requirements for 
Seam Welding in Mild Steel” (B.S.2937 : 1957) specifies general 
requirements for seam welding components made from mild 
steel sheet and strip under normal conditions of manufacture 
and service. (It does not deal with mash welding.) 

The standard sets an upper limit of 0-32 in. (8-0 mm) to the 
total added thickness of the components to be welded. Among 
the requirements dealt with are those for: parent metal, edge 
conditions and forms of components, the types of electrode to 
be used, routine tests, and inspection. 

Appendixes provide notes on the welding plant as well as 
recommendations for minimum welding pressures—the pres- 
sures being related to sheet thicknesses, tread width and mean 
wheel diameters. 

Copies of this British Standard are obtainable from British 
Standards House, 2 Park Street, London, W.1, price 4s. 6d. 
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CLASSIFIED ADVERTISEMENTS 


Technical Instructor (Blacksmith and Welder) required by the 
Government of the Northern Region of Nigeria Education Depart- 
ment, for two tours of 18-24 months or three tours of 10-12 months, 
either (i) with prospect of permanency or (ii) on contract with re- 
settlement grant at rate of £100-£150 a year. Salary scale (including 
Inducement Addition) for (i) £750 rising to £1284 a year and for 
(ii) £810 rising to £1386 a year. Commencing salary according to age 
and experience. Clothing allowance £45. Free passages for Officer and 
wile. Assistance towards cost of children’s passages and grant up to 
£288 annually. Liberal leave on full salary. Candidates must have 
served a full apprenticeship, be experienced practical tradesmen, hold 
aC. & G. Final Certificate, and preferably have had previous teaching 
or instructing experience and/or direct experience of apprentice 
training. Write to the Crown Agents, 4 Millbank, London, S.W.1 
State age, name in block letters, full qualifications and experience 
and quote M2A/42483 B.B.D 


Engineers in the Trafford Park area require a Welding Engineer 
who must have practical experience in gas and electrical welding up to 
Grade A standard and must be also familiar with argon and sub- 
merged-are processes. Some metallurgical knowledge is desirable but 
not essential. This is a superannuable staff position with excellent 
prospects. Applicants must give full particulars and mark applica- 
tions “For the attention of the Personnel Manager”, Box No. 219 








A large Company continuously engaged on major expansion projects 
has TWO interesting vacancies for Welding Engineers 


|. Welding Engineer for General Workshop 

The general workshop employs 1100 men of whom 45 are welders 
The Welding Engineer will be required to control welding pro- 
cedures and techniques and to establish and run a system of weld 
inspection. Materials such as mild, low alloy and stainless steels, 
aluminium and copper base alloys are used in component 
fabrication. Further development work on automatic and semi- 
automatic equipment requires to be done 

Applicants should have had considerable practical welding 
experience and have reached at least H.N.C. level, with suitable 
endorsements in metallurgy. An engineering degree would be 
preferable 

2. Welding Engineer for Construction Department 

The Welding Engineer will be responsible for the quality control of 
site welding on structures, pipe-work and vessels in aluminium 
and in mild and alloy steels erected by contract or by the Comp- 
any’s direct labour. He will assist in the development of appro- 
priate welding techniques for new alloys, will maintain liaison 
with the Company's metallurgical department and will supervise 
the site welding inspectors 

Candidates must have been concerned with the practical appli- 
cation of welding, be accustomed to control of labour and have 
some metallurgical qualification as evidence of technical compet- 
ence. The work is primarily in one area 


Starting salaries of up to £1300 per annum are envisaged, depend- 
ent on age, qualifications and experience. The appointments are 
pensionable. The Company, which is a large one, is noted for its 
progressive staff policy and its welfare and social facilities. 

Write, giving brief details of age, qualifications and experience, to 
Box No. 218, quoting reference W P/7 


University of Cambridge — Department of Engineering 


POST-GRADUATE COURSES IN STRUCTURES AND 
MATERIALS 


The 1958-59 Post-Graduate Course in Theory of Structures and 
Strength of Materials will be held in the Department of Engineering, 
Cambridge University, beginning on 7th October, 1958 and finishing 
in June 1959. 

The latest advances made in the understanding of the behaviour of 
metallic structures under static, repeated or fatigue loading will be the 
principal subject of the course, with particular emphasis on welding 
as a method of fabrication. No attempt will be made to teach con- 
ventional methods of design, but present-day practice and possible 
future developments will form the subject of critical study. 

The object of the course is not to train research workers, but to heip 
engineers to apply the latest advances in knowledge. The course will 
include lectures, colloquia and laboratory work, and each student will 
be encouraged to make a detailed study of some problem of particular 
interest to him. 

The course is open to university graduates with industrial experi- 
ence, and to others with suitabie eqivalent qualifications and of 
sufficient experience to obtain full benefit from a post-graduate course. 

Further details and forms of application for admission may be ob- 
tained from the Secretary, Cambridge University Engineering Lab- 
oratory, Trumpington Street, Cambridge. The completed forms of 
application should be returned to the Secretary not later than 3ist 
May, 1958 
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Current 


WELDING LITERATURE 





Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


THIS SECTION is intended to give a survey ol the current 
welding literature received by the Institute of Welding 
Library Ihe contents lists are not exhaustive ~ only the main 
articles in welding journals are listed, and reprints from other 
journals and short notes are generally excluded. In addition, 
welding articles from other periodicals are listed, Abstracts of 
welding literature are given in the Bibliog I 1 Bullet 

M q 1 Allied P . published by the International 
Institute of Welding, and details of this may be obtained trom 
the Secretary of the Institute of Welding 


Journal of the Japan Welding Society, 1958, vol. 
January 


28. 


Melting of electrode wire in MIG Arc and transfer of metal 
drops (Report 2) Melting of stainless steel (308) wire, 
A. Uchida and K. Hagiwara. (9-17.) 

On directionality of high Ni-Cr weld metals, K. Watanabe 
(18—25.) 

Mash seam welding of low carbon steel sheet, S. Morita, K. 
Ishizaki, T. Ito and J. Okamoto. (26-31.) 

On the carbon dioxide-Sekiguchi’s filler wire-arc welding 
process (Report 6) — Shape of bead by the C.S. arc welding 
process, H. Sekiguchi, I. Masumoto, and M. Kumagami. 
(31-35.) 

Studies on weld hardening of steel (3rd Report) — weld harden- 
ing of structural steels and its prediction, H. Kihara, H. 
Suzuki and H. Kanatani. (36-42). 


Soudage et Techniques Connexes, 1958, vol. 12, Nos. 1/2, 
January—February 
Deep penetration welding with covered electrodes: 


(1) General purpose of the study. Experimental means used, 
A. Gaubert (5-14.) 

(2) Application of statistical methods in experimental investiga- 
tions, G. d’Herbemont. (15—20.) 


(3) Results (part 1): effect of current and geometric and cine- 
matic variables on penetration, A. Gaubert. (21-24.) 


Problems of welding structural steels with high tensile strength, 
H. J. Wiester. (25—30.) 


Note on the stress relief of welded ship hulls and metal frames, 
A. Audigé. (31-37.) 
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Welding in the Soviet Union, N. N. Rykalin. (39-45.) 


High temperature steels and alloys and their welding, H. 
Gerbeaux. (53-61.) 


Creation of notches in the surface by brazing of steel, R. 
Tidlund. (69-—75.) 


Welding and Metal Fabrication, 1958, vol. 26, March 


Overhead crane manufacture, A. G. Thompson. (80-85.) 
Rubber-tyred trains for the ““Metro™’; stud welding on a new 
underground rail system. (86-89.) 


The minimum bend radii of Aluminium alloy tubes, D. A 
Barlow. (90-95.) 


Welding on ZETA. (96-97) 

Welding certain heat- and corrosion-resistant alloys: some 
practical aspects reviewed, R. C. Perriton and R. T. Phillips 
(98-102.) 

Inert-gas tungsten-arc welding SAE.4130 steel sheet — 5: The 
mechanism of hot cracking, C. A. Terry and W. T. Tyler 
(103-—110.) 


Welding Engineer, 1958, vol. 43, February 
Flash-butt weld procedures for extruded Titanium parts, R. N 
Foster. (29-—30.) 
Strap welding as aid to success, R. G. Le Tourneau. (31.) 
Wabash railroad proves economy of welded rail. (32-33. 
Fusion welding in pipe fabrication, W. S. Schaefer. (34-36.) 


Manner and means: keys to brazing economy, C. E. Gumbert. 
(38-39.) 


Low cost tooling for stud welding — 2. Clement F. Brown. 
(40-41.) 


Air compressors in welding operations. (42—43.) 
Grinding wheels for Aluminium, Arthur T. Dalton. (44.) 


Automatic submerged-arc welders prime aids at Harvester, 
D. L. Hansen. (62, 63.) 


Welding Engineer, 1948, vol. 43, March 
Acetylene’s 66-year success forecasts a popular future, Jack 
Failie. (29-33.) 


Welding aids nuclear power for civilian use, W. A. Heath. 
(34-35.) 


Kaiser’s 3 new Mig techniques for welding aluminium. (36-38.) 
Flux in flame finds greater applications. E. H. Conway. (40-42.) 
Artist cuts cost by welding, F. W. Foerste. (43.) 
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Welding Journal (U.S.A.), 1958, vol. 37, No. 3, March 
Schedules for spot welding projection hardware to mild-steel 
sheet and plate, O. K. Barnes. (207-219.) 

Cupro-nickel welded with aluminium bronze, V. Abaravich. 
(220-224.) 

An old welding process cheats the sea, L. L. Walker. (225-230.) 
Metallizing and its application in aircraft gas-turbine com- 
ponents, D. E. Hacker. (231-236.) 

Consumable inserts used in welding missile air tank. (239.) 
Ultrasonic welding of structural aluminium alloys, J. B. Jones 
and F. R. Meyer. (81s—92s.) 

A theory for preheating of plain, low-carbon steels, E. P. 
De Garmo. (93s—96s.) 

Energy absorption studies of welds in tempered martensitic 
base metal, W. H. Bruckner and C. A. Robertson. (97s—100s.) 
Combustion of liquid hydrocarbon fuels for oxygen cutting, 
D. Khuong-Huu, S. S. White, and C. M. Adams. (101s—106s.) 
Evaluation of the Kinzel test from its fracture characteristics, 
R. D. Stout, W. J. Murphy, and R. C. Westgren. (107s—112s.) 
The effect of defects on the fatigue strength of submerged-arc 
welds, H. Moller and M. Hempel. (113s—128s.) 

Controlled low-temperature hot rolling as practcied in Europe, 
R. W. Vanderbeck. (114s—116s.) 
Inert-gas-shielded consumable-electrode 
denum, N. E. Weare, R. E. 
(117s—124s.) 


Fatigue characteristics of single-lap joints of AISI 347 brazed 
with a Ni-Cr-Si-B-C alloy, R. G. Aspden and W. Feduska. 
(125s—128s.) 


welding of molyb- 
Monroe, and D. C. Martin. 


Zvaranie, 1958, vol. 7, January 
The question of automatic welding of low-alloyed steels under 
flux, J. Zeke. (2-8.) 


Weldability of 3°, Ni-Cr—-Mo high carbon steels, V. Pilous. 
(8—15.) 


Welded bridges in Belgium, J. Sevcik. ( 15-18.) 

Welding of engine frames in the CA D-works, R. Krnak. 
(19-23.) 

First National conference of improvers and inventors, B. 
Vrana. (24.) 

Great Anniversary meeting of the DVS (German Welding 
Associa*ion) in Essen, F. Falthus. (25-28.) 


CONTENTS OF PERIODICALS AND ADDITIONS TO THE LIBRARY 


Zvaranie, 1958, vol. 7, February 


Seam-Buttwelding with filler-strip, L. Pliva. (33-39.) 
Interchangeable time regulating panels for asynchronic control 
of Spotwelding machines, K. Jarsky. (40-43.) 

New Polish directions for welded railway bridge designs, A. 
Lesniak. (44-49.) 

Welding of very pure aluminium in the production of chemical 
industry, J. Svejda. (49-—53.) 

Problems of automatic welding of low alloyed steels under flux 
(conclusion), J. Zeke. (54-56.) 

Argon-are welding in closed vessels, J. Lers. (57-59.) 


Other Journals 


Welded tubular conveyor bridge. (Light 
pp. 96-97.) 

Gas welding and cutting. Saffire equipment introduced to 
South Africa this month. (Engineer and Foundryman, 1958, 
vol. 22, January, pp. 38-39.) 

Automatic positioning and control for the spot welding of 
double contoured aircraft panels, Michael Lorant. (Sheer 
Metal Industries, 1958, vol. 35, March, pp. 188-190, 201.) 
Automatic welding climbs. (Sree/, 1958, vol. 142, March 10, 
pp. 81-82.) 

Brazing salvages cracked stampings, E. H. Conway. (Sree/, 
1958, vol. 142, pp. 110, 112, 114-115.) 

How to weld copper and its alloys, Lester F. Spencer. (Sreel, 
1958, vol. 142, January 27, pp. 86-89.) 

Progress in the joining of Aluminium, N. T. Burgess. ( Veval- 
lurgia, 1958, vol. 57, pp. 117-121.) 

Welding problems in T-1 steel topic at Birmingham, P. C. 
Arnold. (Metals Review, vol. 31, p. 16.) 

New welded bridge at Le Havre (France). ( Acier—Stahl-Steel, 
1958, vol. 23, February, pp. 75-80.) 

Welding Joints in steam pipes; reliability of welds made by the 
new “E.B.”’ process, N. P. Pienaar. (Engineer and Foundryman, 
1958, vol. 22, January, pp. 47-52.) 

Welded air-cleaner assembly makes for big savings. W. E. 
Meagher. (/ron Age, 1958, vol. 181, pp. 110-111.) 
Continuous-seam Ultrasonic unit joins thin metal. (/ron Age, 
1958, vol. 181, March 6, p. 128.) 


Metals, vol. 21, 





ADDITIONS TO THE LIBRARY 


| PETROLEUM COMPANY. Our industry; an introduction to 
e petroleum industry for the use of members of the staff. 
rd ed. London, B.P.C. Ltd., 1958. 
BririsH STANDARD 1140:1957. Spot welding of light assemblies 
in mild steel. 
British STANDARD 1453:1957. 
welding. 
British STANDARD 2901 :Part 1:1957. Filler rods and wires for 
inert-gas arc welding. Part 1: Gas shielded tungsten-arc welding. 
British STANDARD 2902:157. Higher tensile steel chain slings. 
British STANDARD 2910:1957. General recommendations for the 
radiographic examination of fusion welded circumferential butt 
joints in steel pipes 
British STANDARD 2926:1957. Chromium-Nickel austenitic 
steel electrodes for manual metal-arc welding. 
British STANDARD 2937:1957. General recommendations for 
seam welding in mild steel. 
GUNNERT, R. Residual welding stresses; method for measuring 
residual stresses and its application to a study of residual 
welding stresses. Stockholm, Almqvist & Wiksell, 1955. 


Filler rods and wires for gas 
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Translated by C. F. Upward. 
HeyYMan, Jacques. Plastic design of portal frames. Cambridge, 
Cambridge University Press, 1957. 


LLoyp’s REGISTER OF SHIPPING. Extracts from the rules for the 
construction and classification of steel ships, No. 4: Boilers 
and other pressure vessels. 1957. 

PARKER, Earu R. Brittle behaviour of engineering structures. 
Prepared for the Ship structure committee under the general 
direction of the committee on ship steel, National Academy of 
Sciences-National Research Council. New York, John 
Wiley & Sons, Inc., London, Chapman & Hall Ltd., 1957. 

PHILLIPS, ARTHUR L. (Editor). Welding handbook. 4th ed. vol. 1. 
New York, American Welding Society, 1957. 

ScunapT, H. M. Neue Priifmethoden von Stahlen und Schweiss- 
werkstoffen fiir grosse Schweisskonstruktionen. Erster teil: 
Theoretische Grundlagen. H. M. Schnadt, Zug, Switzerland, 
1957. 

Wictsuire, W. J. (Editor). A further handbook of industrial 
radiology, by members of the non-destructive testing group of 
the Institute of Physics. London, E. Arnold Ltd., 1957. 
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The only electrode specially designed for 
extra thick plate welding 


The Murex ‘Fortrex 35A’ electrode is the only electrode also has all the advantages of the 
electrode which has been specially designed for standard ‘Fortrex 35’ type. It is an all position 
the welding of the extra thick plate (e.g. 3—4 in. electrode; it is simple to use, slag removal is 
thick and over) now being used in nuclear easy and the radiographic quality of the weld 
energy and other industrial applications. This metal is sound. 

electrode gives all the required properties 

throughout the whole section of the welded 

joint; the weld metal having particularly good ‘Fortrex 35A’ electrodes and the technical facil- 


impact properties far above minimum re- ities of the Murex organisation are at your service 
quirements at sub zero temperatures. The for the welding of extra thick plate. 


\ / The world’s finest welding electrodes and equipment 
MUREX 


\V MUREX WELDING PROCESSES LTD., Waltham Cross, Herts. 
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Welding by 


BOOTH. 





The photograph shows welded steelwork 
in course of erection for Messrs. Ferodo Ltd.'s 
New Technical Division, at Chapel-en-le-Frith, 

Derbyshire. This is the first phase 
of a three-stage building project for which 
BOOTHS are fabricating and erecting 


all the steelwork. 





Architects: Messrs. Ashworth & Fletcher, a/L.R.1.B.A. 


JOHN BOOTH & SONS (BOLTON) LTD. 


HULTON STeet. woRr,Reaes, BOLTON 
Te lephone BOLTON 1195 
London Office : 26 Victoria Street, Westminster S.W.] 


Telephone: ABBEY 7162 











Wustrated above is a Dust Cover for 
hydraulic machinery with an overall 
length of 23 feet, sliding doors at side 
and removable top covers. The main 
frame is of all-welded construction. This 
is just one of the many examples of Steel 
Fabrications by Thos. Marshall & Son Ltd. 





STEEL FABRICATIONS sy THOS. MARSHALL 


& SON LTD. 
WELLINGTON BRIDGE, LEEDS, 12 . ‘crams: ‘CISTERNS’ LEEDS, 12 - TEL. 32186 (5 lines) 
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amt: 


Ratings — 320 Amps. continuous. 425 Amps. intermittent. 
Complies with B.S. 638 (1954) Group X. a, - 














Type O.TI. (1955) 








single operator welding sets 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 
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That’s the ticket 


losely at the railwa oach you ride in 
yu will probably find that it features 

n Parkinson stud welding. Examine 

nal gantries it passes and you will 

tair me across stud welding again. And, 
ere to delve really deeply into the 

utter, it is more than likely that you would 
liscover it once more on the pit-props in 
he mine that provided the coal required to 
le the electricity which drives the train. 
What C.P. stud welding does for the railways 

t does for industry as a whole—reduces costs, 
simplifies designs and speeds production. It’s 

a sure way to greater productivity—and a 
permanent way at that! Do you know all about 
the advantages of stud welding? If not, we 
shall be glad to put you on the right lines. 


STUD WELDING efi | 
STEPS UP PRODUCTION \ | 


futerecat (garrecet) 


1—3 BRIXTON ROAD, LONDON, 8.W.9. 


28 


(rompton Parkinson 
(STUD WELDING) LIMITED 


Telephone : Reliance 7676 











Wire 
for the 
welding 
industry 








Oo 


WIRE FOR ELECTRODES 


Richard Johnson & Nephew Lid ~ Manchester 11 
Tel.: EAST 1431 
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INVICTA 


Si 





wie 


Approvals 


Complies with B.S.S. 639, 1952 
(parts one and two) 
BRITISH 
Admiralty — Mild Steel — All positions 


Lloyd's Register of Shipping (united with 
British Corporation Register) 
- All positions 
Ministry of Transport — All positions 
NORWEGIAN 
Det Norske Veritas - All positions 
Also for welding “W" and “WW” 
quality steels 
Used by some of the largest 
Shipbuilding and Engineering 
Works throughout the world 


(Member of the Owen Organisation) 





British Code No. E. 217 (B.S.S. 1719) 





» 


Fast running at comparative low currents with excellent pene- 
tration make the Invicta “SPEEDWAY” the most economic 


Electrodes. It is unsurpassed in the arc welding of Mild Steels 
and as a useful application in the joining of Structural Steels 
and Steels to B.S.S. 968 and B.S.S. 970 (E.N.14). Excellent for 
general engineering work, simple operation and easy slag 
removal. 


Write for full details of the complete range of INVICT4 Electrodes which 
cover every industrial purpose. 






INVICTA ELECTRODES LTD., BILSTON LANE, WILLENHALL, STAFFS. Telephone: James Bridge 3131. Ext. 308 
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makes the whole as strong as the 

part and ensures impeccable finish to 

the weld itself, both inside and out, 

to take a mirror polish if needed. 
Butterfields apply this top level of welding 
to all equipment produced for industrial 
storage and processing purposes, and 

to Road Transport Tanks in Stainless Steel, 
Mild Steel, Aluminium, Nickel & Monel 


Welding of Aluminium 
is by either the 
Argon Arc or Argonaut 


methods 


W. P. Butterfield Ltd P.O. Box 38 Shipley Yorkshire Telept 


We are equipped with Weld 


X-Ray Plant, materials 
testing and microscopic 
examination facilities for 


any required class of work 


Branches LONDON Telephone HOLborn 2455 (4 lines) BIRMINGHAM Telephone EAS 0871 & EAS 2241 
BRISTOL Telephone 27905 LIVERPOOL Telephone Central 0829 MANCHESTER Telephone Blackfriars 9417 NEWCASTLE-ON-TYNE Telephone 23823 


GLASGOW Telephone Cencral 7696 BELFAST Telephone 





SITS be 





Mijt! PEED 
CONTACTORS 





l'ypical applications 
can be found in the 
field of stud welding, 
spot welding, arc 
welding and aircraft 
starting units, etc. 
The small overall 
dimensions are the 
outcome of compact 
design necessitated 

by the high-speed 
operating require- 
ments of the welding 
field. Current ratings 
up to 1200 amps. 

a.c. or d.c. are 
available. 


Illustrated leaflet 
on request. 


HIRST ELECTRONIC LTD. 


GATWICK ROAD, CRAWLEY 


SUSSEX 








57343 DUBLIN Telephone 73475 & 79745 


ILLUSTRATED 


A 200-gallon Stainless Steel 
receiver with colandria 











ADVERTISERS’ INDEX 


A nelo-Swedish Electric Weld- 
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Braithwaite & Co. (Engin- 
eers) Ltd 
British Industrial Gases Ltd 2 
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Reduced operator fatigue 
Controls conveniently grouped 
For one or two gun operation 


Standard components 
interchangeable with Philips 
spot/projection welders 


: 





a 


Ww —— 







Transformer Assembly 
Rated at 30, 40 or 60kVA, 
each available for one or 

two gun operation 
Multi-position tap-link 

panel for wide range 

of heat control. Fully 
water-cooled and tropicalized. 


— 


Contactor /Timer 
Unit — for wali 
mounting. Ignitron 
contactor and four- 
function timer for 
automatic contro! of 
complete welding 
sequence. Available 
with duplicate timers 
for independent double 
gun operation. Size 
30” x 30° x 10” dees 


In this new Philips equipment, the weight ot 
the transformer assembly has been reduced 
by the use of a wall-mounted ignitron 
contactor/timer unit. The transformer — 
which can be suspended from an overhead 
trolley or rail — is designed primarily for use 
with Philips air-operated, single-acting spring 
return guns, or double-acting air return type. 
The equipment has applications wherever 
spot welding assemblies are too large to be 
accommodated in pedestal type machines. 


Write for leaflet P1.4869 which gives full technical details. 


METAL PROCESSING DEPARTMENT 


= PHILIPS ELECTRICAL LTD 


INDUSTRIAL PRODUCTS DIVISION 


Century House - Shaftesbury Avenue + London - W.C.2 PI0238 


Inside Sock cover 








FROM SBRire~ gs Ox YGEN FOR sritTrtisht INDUSTRY 


Always ask for kA 


“ALDA” 


rods and fluxes 





BRITISH OXYGEN SUPPLY ALDA 
the famous range ot rods 

and fluxes. And a complete range 

of welding accessories— 

from goggles and gloves 

to friction lighters and wire brushes. 

ALWAYS ASK FOR ALDA. 


Write tor tully illustrated literature. 


Leander AeA. TOO a 





BRITISH OXYGEN 


British Oxygen Gases Ltd., Industrial Division, Spencer House, 27 St James's Piace, London, S.W.1. 


— 


Outside back cover 





